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We study efficiency and incentive costs of social insurance and redistribution when
retirement is endogenous. We characterize Pareto optima, show the forces determining
optimal retirement ages, and derive the properties of optimal retirement distortions. It
is optimal for a pension system to reward later retirement independent of whether effi-
cient retirement ages increase or decrease in productivity. When individual heterogeneity
and the parameters of status-quo policies are calibrated to U.S. income taxes, Social Secu-
rity, individual earnings, hours, and retirement ages, optimal pensions generate not only
significant welfare gains but also aggregate output gains.

JEL codes: E62, H21, H55. Keywords: optimal fiscal policy, social insurance, redistribu-
tion, endogenous retirement.

1 Introduction

Pension systems are by far the largest component of social insurance as well as a means of
redistribution in most countries. An optimal system should provide productive workers
with incentives to fully realize their potential while providing benefits to the individuals
experiencing low productivity. On the one hand, standard production efficiency implies
that more-productive workers should supply more labor – later retirement of the more-
productive could be an aspect of that. On the other hand, one way more-productive
workers are incentivized is with leisure – sufficiently high needs for incentives would
require earlier retirement of more-productive workers.

We study the trade-off between efficiency and incentives in order to evaluate the
constrained efficiency of the U.S. Social Security system and to assess the welfare con-
sequences of optimal dynamic nonlinear policies, including the optimal dependence of
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pensions on retirement age. This requires a way to qualitatively characterize as well as
to quantify constrained efficiency in a model of individual work and retirement choices,
with salient features of status quo taxes and benefits and with plausible individual elas-
ticities at both the hours and retirement margins.1

We start from a life-cycle setup with agents who are ex ante heterogeneous in produc-
tivity, which evolves with age, and in fixed costs of working, which are allowed to be
correlated with productivity. Fixed costs make individual budget sets non-convex and,
combined with hump-shaped productivity-age profiles, make it individually optimal to
choose to retire at some age, while choosing a hump-shaped labor supply profile during
the working life. The agents are privately informed about their productivities and their
fixed costs. Re-writing the planner’s mechanism design problem in terms of virtual pro-
ductivities and virtual fixed costs (accounting for information rents), we prove a novel
equivalence result giving a straightforward characterization of constrained-efficient al-
locations with endogenous retirement. That allows us to show the forces determining
optimal retirement ages and to derive the properties of a class of income tax and pension
policies that implement constrained efficiency, but are also close to the U.S. status quo in
a way that can be made precise. In that sense the optimal policies we characterize require
relatively small changes to the status quo.

We then turn to a positive version of the setup, where individuals observed in the U.S.
data take the status-quo income taxes and the Social Security as given and make indi-
vidually optimal choices, which potentially are not constrained-efficient. We calibrate the
setup using combined micro-level data from the Health and Retirement Survey (HRS)
and the U.S. Panel Study of Income Dynamics (PSID). We show that the positive setup
can replicate key features of reality both internally (in terms of targeted moments such
as retirement ages and labor hours) and externally (in terms of the income distribution
and the elasticity at the retirement margin). A principle contribution is this ability to
reproduce salient features of reality and then, fixing the estimated parameters, to quan-
tify constrained-efficient labor supply, retirement ages, and optimal policies in a unified
setup. We then extend this analysis to overlapping generations, to accounting for inter-
generational transfers, and to heterogeneous life spans.

We document three main findings. First, we show that rewarding later retirement
is optimal without regard for whether optimal retirement ages increase or decrease in
productivity. This is because it is always costlier to provide incentives by distorting re-
tirement ages rather than by distorting hours worked. We show that optimal retirement

1By retirement we will mean a decision to stop supplying labor. A decision to claim retirement benefits,
such as Social Security, will be separate and treated distinctly from the labor force exit decision.
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distortions are low, in particular lower than labor distortions, and it is optimal for a pen-
sion to reward later retirement in order to counteract the incentives for earlier retirement
created by any positive income taxes. In other words, it is optimal for pensions to directly
depend on the retirement age so that the present value of lifetime benefits rises with the
age of retirement, independent of whether or not more-productive agents should retire
older.

Second, we show that the optimal retirement ages of higher-lifetime-earnings indi-
viduals are significantly higher than in the U.S. data, and also much higher than those
of their less-productive peers. Our equivalence result allows a type of sufficient statistic
expression for constrained-efficient retirement ages to increase or decrease in productiv-
ity. That relationship is driven by individual differences in productivities relative to fixed
costs, augmented by the Frisch elasticity of labor supply. It allows us to evaluate how far
from constrained-efficient the observed retirement ages are. For example, workers in the
top half of the lifetime earnings distribution should optimally retire on average at the age
of 69.8 in our baseline, while in the U.S. data their average retirement age is 66.9. On the
other hand, workers in the bottom half should optimally retire at 61.7, while in the data
they do so at 67.6.

Third, we quantify how much stronger the incentives for later retirement would need
to be in an optimal system vs. the existing U.S. Social Security and tax systems. This
is achieved by increases in pension benefits in response to delaying retirement. Optimal
marginal (with respect to retirement age) pension benefits are positive, quantitatively sig-
nificant, and increase with earnings: from 4.5 percent per year of delayed retirement at
the bottom of the lifetime earnings distribution to 18 percent at the top.2 We show that
optimal pensions with such incentives create large aggregate welfare gains but also aggre-
gate output gains of up to 1.7 percent, unlike in much of the optimal taxation literature.
We also show that reforms that do not account for individualized incentives (e.g., requir-
ing retirement at the time of pension benefit claiming, or uniformly increasing retirement
age) keep the economy away from constrained-efficiency.

Relation to previous literature. Constrained efficiency with extensive margins of la-
bor supply, from various perspectives, is at the center of a related literature with a theo-
retical focus (e.g., Saez (2002)), recently focusing on the optimality of history-dependent
distortions when life-cycle considerations are introduced (e.g., Cremer, Lozachmeur, and
Pestieau (2004), Michau (2014), Choné and Laroque (2015)). The contribution of our
equivalence result is that – unlike in the previous studies – it enables a straightforward,

2Marginal pension benefits are well defined in a continuous time setting. Delayed retirement credit in
the U.S. Social Security system can be thought of as their analogue in the U.S. data.
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complete characterization explaining the main forces in terms of standard intuitive trade-
offs. This facilitates a surprising and new finding that optimal pension system implemen-
tations provide incentives for later retirement independent of whether efficient retirement
ages increase or decrease in productivity.

Our findings also contribute to a growing empirically-motivated literature bringing
theoretical constrained-efficient wedges to estimable distributions and elasticities (e.g.,
Saez (2001), Golosov, Troshkin, and Tsyvinski (2011), Saez and Stantcheva (2016)). We
generalize commonly found tax formulas by connecting standard labor wedges to re-
tirement wedges through estimable elasticities and distributions. An advantage of this
connection is a type of sufficient statistic for the efficient retirement age, a novel finding
that is shown to be quite useful.

On the quantitative side, most recent studies of optimal redistributive policies largely
find that increasing policy distortions (vs. the status quo) significantly improves welfare
but generally sacrifices aggregate output, e.g., Weinzierl (2011), Farhi and Werning (2013).
In contrast, we show that output may not need to be sacrificed if efficient incentives for
retirement are taken into account. Our estimation of the environment parameters uses
a mixed identification strategy following recent literature on idiosyncratic consumption
and labor choices, e.g., Low, Meghir, and Pistaferri (2010); our use of estimated fixed
effects from earnings regressions as types and parts of our exposition follow Low and
Pistaferri (2015). We focus on permanent shocks following a literature that finds that
most of the welfare gains come not from insurance against temporary shocks but from the
provision of social insurance against permanent shocks (e.g., Huggett and Parra (2010)).
A related literature finds that permanent shocks similar to the ones we focus on account
for most of the variation in lifetime earnings and lifetime utility (e.g., Huggett, Ventura,
and Yaron (2011)). Our framework with fixed costs follows recent work applying non-
convex budget sets as a source of retirement decision in life-cycle settings, e.g., Rogerson
and Wallenius (2013).

An important complementary approach to these general questions is to study policy
reforms within a set of parametrically restricted policy instruments as in, e.g., Conesa, Ki-
tao, and Krueger (2009) in the context of dynamic taxation and Huggett and Parra (2010)
in the context of Social Security. More recently Golosov et al. (2013) restrict the paramet-
ric set to stylized versions of status-quo Social Security and fix taxes, resulting in quite
different optima and welfare effects from what we find. Our analysis contributes to that
line of research by informing which properties are salient in the choice of the parametric
sets of policies.

The rest of the paper is organized as follows. Section 2 describes the general envi-
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ronment, from both the positive and the normative perspectives. Qualitative properties
of the constrained-efficient allocations and optimal policy are characterized in Section 3.
Section 4 discusses the construction of a quantitative environment and Section 5 quanti-
fies constrained optima and optimal policies. Section 6 concludes.

2 The Environment

2.1 Normative setup

Consider a continuum of individuals born at t = 0 who live a continuous interval of time
until t = T̄. Each individual is born with a type, θ 2 Θ �

�
θ, θ̄
�
, drawn at t = 0 from

a distribution F (θ) with F0 (θ) = f (θ) > 0 for all θ. The type affects the idiosyncratic
productivity-age profile ϕ (t, θ): an individual of type θ who chooses at age t to work
l (t, θ) hours produces y (t, θ) = ϕ (t, θ) l (t, θ) units of output. Assume ϕ is twice contin-
uously differentiable and inverse U-shaped, i.e., for each θ 2 Θ there exists an age t� such
that ∂ϕ(t,θ)

∂t > 0 for all t < t� and ∂ϕ(t,θ)
∂t < 0 for all t > t�.

The type also affects the idiosyncratic fixed utility cost of working η (t, θ): an individ-
ual who chooses l (t, θ) > 0 pays fixed utility cost η (t, θ) in addition to standard contin-
uous disutility from work. Assume η is continuously differentiable and non-decreasing
with age.

The preferences of an individual of type θ are given by

Z T̄

0
e�ρt

�
u (c (t, θ))� v

�
y (t, θ)

ϕ (t, θ)

�
� η (t, θ) 1 fy (t, θ) > 0g

�
dt, (1)

where ρ is a subjective discount factor, c (t, θ) denotes consumption at age t, u is strictly
concave, increasing, and satisfies Inada conditions, v is strictly convex with v0 (0) = 0,
and 1 f�g is an indicator function. The presence of η makes the total disutility of working
non-convex, implying non-convex individual budget sets. A non-convex budget set can
lead an individual to optimally choose a discontinuous drop in hours at some age, even
with continuous hours choice and a preference for smoothing leisure over life.3

An allocation for a cohort of individuals, (c (t, θ) , y (t, θ))θ2Θ,t2[0,T̄], is feasible if

Z θ̄

θ

Z T̄

0
e�rtc (t, θ) dtdF (θ) + H0 �

Z θ̄

θ

Z T̄

0
e�rty (t, θ) dtdF (θ) + rK0, (2)

3See, e.g., Rogerson and Wallenius (2013). They also review empirical evidence that retirement appears
as abrupt transitions from full-time work to not working in the U.S. micro data. In the online Appendix C
we show similar behavior in a pooled sample of the HRS and the PSID individuals.
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where r is the interest rate, H0 �
R T̄

0 e�rtHtdt is the present value of the government
revenue requirement (net outflow of income from the cohort), K0 is initial capital, with
both K0 and H0 given.

The individuals are privately informed about their productivities and fixed costs.
Thus any social insurance cannot contract directly on them but remains otherwise un-
restricted, e.g., to be arbitrarily nonlinear or age dependent. To study the problem of a
government seeking optimal social insurance, we will characterize the mechanism de-
sign problem arising from this information asymmetry. Following standard arguments,
the revelation principle guarantees the sufficiency of considering direct mechanisms: in-
dividuals report their types to a fictitious planner who chooses allocations subject to in-
centive compatibility, i.e., for all θ, θ̂ 2 Θ

Z T̄

0
e�ρt

�
u (c (t, θ))� v

�
y (t, θ)

ϕ (t, θ)

�
� η (t, θ) 1 fy (t, θ) > 0g

�
dt �

Z T̄

0
e�ρt

"
u
�
c
�
t, θ̂
��
� v

 
y
�
t, θ̂
�

ϕ (t, θ)

!
� η (t, θ) 1

�
y
�
t, θ̂
�
> 0

	#
dt, (3)

where θ is an individual’s type and θ̂ is the individual’s report about the type. The plan-
ner’s objective is to maximize a social welfare function

Z θ̄

θ
U (θ) dG (θ) , (4)

where U (θ) is the lifetime utility of type θ given by (1) and G (θ) is a cumulative density
function, differentiable over

�
θ, θ̄
�

with G (θ) = 0, G
�
θ̄
�
= 1, and G0 (θ) = g (θ) � 0. A

given exogenous motive to redistribute from higher-earning individuals to lower-earning
ones is captured by G (θ) � F (θ) for all θ 2

�
θ, θ̄
�
.4

An allocation is constrained efficient if it is a solution to the direct mechanism design
problem of maximizing social welfare (4) subject to incentive compatibility (3) and feasi-
bility (2).

Discussion and extensions. This setting is geared toward analyzing implications, par-
ticularly welfare implications, of the changes in labor supply at both hours and retirement
margins in response to the efficient provision of social insurance and redistribution. In
related environments the welfare gains from labor and capital policies optimized within

4The case of G(θ) = 1 for all θ > θ corresponds to the Rawlsian criterion; G (θ) = F (θ) corresponds
to the Utilitarian objective. We restrict the differentiability of G to the semi-open interval to include the
extremes of redistributive motives like the Rawlsian criterion.

6



given sets of functional forms are extensively studied (e.g., Altig et al. (2001), Conesa, Ki-
tao, and Krueger (2009)). Those gains intuitively come from providing better incentives
to save – hence increasing savings – and the resulting effects on the interest rate. Signifi-
cantly less understanding, however, exists of the labor supply responses, particularly the
interaction between the hours and retirement responses. To focus on these mechanisms,
we follow recent literature (e.g., Best and Kleven (2013), Farhi and Werning (2013)) in rep-
resenting the production technology above by an AK-type production function, which is
additively separable between labor and capital and therefore allows to abstract from the
savings effects.5

While our main discussion will focus on a single cohort, an alternative interpretation
is the steady state of an overlapping generations economy. We develop an overlapping
generations version of this environment in the online Appendix B where each generation
is exactly as described above but with additional notation to identify the generations.

Another useful extension will be to reinterpret this setting as the problem of a planner
attached to one specific generation, i.e., maximizing the welfare of the generation taking
as given net intergenerational transfers. We will explore that interpretation in Section 5
where we will think of H0 as the combined present value of government spending and
net intergenerational transfers, as well as allowing heterogeneous life span.

2.2 Theoretical wedges vs. policies

Because of the incentive compatibility constraints, efficient allocations could clearly drive
wedges into the individual optimality conditions. Before characterizing efficient alloca-
tions, it is useful to define the wedges and contrast them with the actual policy tools that
can provide implementations. Even though the analysis will extend to the general setup,
the following assumption will provide an intuitive benchmark throughout:

Assumption 1 For all θ 2 Θ: (i) ∂
∂t

ϕθ(t,θ)
ϕ(t,θ) � 0, and (ii) η(t, θ) = 0 whenever t < t� and

η(t, θ) = η(θ) otherwise.

Condition (i) states that relative productivity differences between types do not dimin-
ish with age.6 This is closely related to the observations that the right tail of the income

5Similarly, parts of that literature also focus on permanent shocks following findings that such shocks
account for most of the variation in lifetime earnings and lifetime utility (e.g., Huggett, Ventura, and Yaron
(2011)) and that most of the welfare gains come not from redistribution with temporary shocks but from
the provision of social insurance against permanent shocks (e.g., Huggett and Parra (2010)).

6In other words, productivity-age profiles weakly "fan-out". Studies estimating heterogeneous produc-
tivity profiles over the life-cycle generally find similar patterns (e.g., Altig et al. (2001), Nishiyama and
Smetters (2007)).
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distribution thickens with age and that more-productive individuals tend to have steeper
growth earlier in life and slower decline later in life. This is compatible with most of the
population becoming disabled by high enough age.

Condition (ii) is a simple way to assume that participation costs do not diminish with
age.7 This ensures that everyone joins the labor force at t = 0, focusing on labor force exit
and related policies rather than on the issues related to entering the labor force. Within a
positive version of the setup that we discuss below one approach to identifying the fixed
costs empirically is from observed individual retirement ages. An identifying assumption
in that case is that fixed costs are stable around the observed retirement ages – condition
(ii) will allow us to first develop a simple intuition. We will later relax this assumption
and calibrate the rate of change of fixed costs with age to match available estimates of
elasticity at the retirement margin.

At every age, leisure for each type is affected by individual choices of whether to
work and, if so, how much to work; for each type θ there will exist a retirement age
– denote it R(θ) – such that type θ chooses y (t, θ) > 0 for t < R (θ) and y (t, θ) = 0
for t � R (θ).8 We show it formally in the online Appendix A and write allocations as�

c (t, θ)t2[0,T̄] , y (t, θ)t2[0,R(θ)] , R (θ)
�

θ2Θ
. One can then define labor wedge, τy (t, θ), and

retirement wedge, τR (θ), by the following optimality conditions:

�
1� τy (t, θ)

�
u0 (c (t, θ)) = v0

�
y (t, θ)

ϕ (t, θ)

�
1

ϕ (t, θ)
, (5)

(1� τR (θ)) y (R (θ) , θ) u0 (c (R (θ) , θ)) = v
�

y (R (θ) , θ)

ϕ (R (θ) , θ)

�
+ η (R (θ) , θ) . (6)

When both wedges are zero, equations (5) and (6) are simply laissez faire individual op-
timality conditions. That is, an efficient allocation that drives a non-zero wedge between
the marginal rate of substitution and the marginal rate of transformation distorts the in-
dividually optimal consumption-labor choice in (5). Similarly, a wedge in (6) between
the marginal utility of income and the marginal disutility of output, which includes the
fixed cost, distorts the individual decision about the retirement age R (θ). The two distor-
tions reflect efficient incentives constrained by the information asymmetry in individual
productivities and fixed costs.

7It is sufficient to assume ∂η (θ, t) /∂t � 0 throughout. This is easy to see, for example, in the proof
of the existence of a retirement age in the online Appendix A. Intuitively, this captures, for example, the
deterioration of health with age, making the individuals not only less productive but also increasing their
fixed costs of participating in the labor force.

8See, e.g., Cremer, Lozachmeur, and Pestieau (2004), Choné and Laroque (2015).
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It is not difficult to see that the wedges of an efficient allocation can have infinitely
many actual government policy tools implementing them – a standard property of the
dynamic mechanism design approach to optimal policy. We focus on a class of policies
that not only include implementations of constrained efficiency but also include stylized
status quo. Next we define this class in the context of the positive setup, then prove in the
next section that the class also contains implementations of efficiency and explicitly char-
acterize their qualitative properties. We later show that with the status-quo policies from
this class the positive setup describes reality quantitatively well, allowing the quantitative
analysis of efficient policies within a coherent framework.

2.3 Positive setup

Consider a class of government policies consisting of an individual income tax function T
and the present value of net retirement benefits b. Taking these policies as given, a type-θ
individual maximizes life-time utility (1) subject to the present value budget constraint

Z T̄

0
e�rtc (t, θ) dt =

Z R(θ)

0
e�rt [y (t, θ)� T (t, y (t, θ))] dt+ b (R (θ) , Y (θ)) , (7)

where Y (θ) � Y
�

y (t, θ)t2[0,R(θ)]

�
is a measure of lifetime earnings. Note that T is po-

tentially age dependant, but history independent as it is a function of only the current
realization of income, while b is a function of the history of incomes. Note also a dis-
tinction between the age of claiming benefits and the age of retirement: while per-period
benefits depend on both, given an actuarially fair policy the present value of benefits b is
a function of the age of retirement.9

Individual optimality conditions can still be written as equations (5) and (6) but with
the wedges replaced by the interactions in the policy tools as follows:

τy (t, θ) = Ty (t, y (t, θ))� ertδy(t,θ)Y (θ) bY (R (θ) , Y (θ)) ,

9That is, we allow each individual to have access to risk-free savings and borrowing so that the instan-
taneous budget constraint for a given θ is

c (t) + ȧ (t) = 1ft�Rg (y (t)� T (t, y (t))) + 1ft>Sgb (R, Y)
�

e�rS � e�rT̄
�

/r+ ra (t) ,

where a is the level of individual asset holdings and then b (R, Y)
�

e�rS � e�rT̄
�

/r is the per-period benefit
claimed starting at age S. Such asset holdings capture, for instance, employer-provided pensions or other
tax-deferred accounts.
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τR (θ) y (R (θ) , θ) = T (R (θ) , y (R (θ) , θ))� erR(θ)bR (R (θ) , Y (θ))

� erR(θ)
�Z T̄

R(θ)
e�rtdt

�
δRY (θ) bY (R (θ) , Y (θ)) ,

where δy(t)Y is the Fréchet derivative of Y with respect to y (t) and δRY is with respect
to R. Evidently there is a direct connection between the specific properties of the tools
in this class of policies and our definitions of the wedges. It gives an intuitive meaning
to the wedges. The labor wedge here becomes the balance between the distortions from
the marginal income tax and from the marginal benefits with respect to lifetime earnings.
The retirement wedge trades off the total tax burden at retirement against the change in
benefits coming from adjusting retirement age.

3 Qualitative Properties of Efficient Allocations

To first isolate the forces that are fundamental for the results, we abstract in this section
from risk aversion and discounting and set H0 = K0 = 0. For concreteness, assume
quasi-linear utility with v (l) = ψl1+1/ε/ (1+ 1/ε), where ψ is a strictly positive constant
and ε 2 (0, ∞) is a Frisch (intensive) elasticity of labor supply. Since the allocation of
consumption for an individual is then indeterminate across time, assume without loss of
generality that it is constant over the life-cycle, c(θ). We will relegate formal proofs to the
online Appendix A and once we develop the intuition here we will relax these restrictions
as well as provide in the online Appendix B formal proofs for the general setup.

3.1 Equivalence result

We start with an equivalence result that will prove useful: the mechanism design problem
associated with efficient allocations can be characterized by instead considering a simpler
"full-information" problem if productivities and fixed costs are re-defined to account for
the information rents.

Incentive constraints (3) are equivalently a set of lifetime-utility maximization prob-
lems, one for each θ, with the choice variable θ̂ , a report. Following the first-order ap-
proach the incentive compatibility can be written using the envelope theorem as (see,
e.g., Ábrahám, Koehne, and Pavoni (2011), or Kapička (2013)):

U0 (θ) =
Z R(θ)

0
ψ

ϕθ (t, θ)

ϕ (t, θ)

y (t, θ)1+1/ε

ϕ (t, θ)1+1/ε
dt� η0 (θ) R (θ) + (η(θ)t�(θ))0, (8)

10



for all θ 2 Θ, where U (θ) is the lifetime utility of type θ given by (1). Then the plan-
ner’s problem with private information – maximizing welfare (4) subject to feasibility (2)
and incentive compatibility (8) with U given by (1) – can be characterized by solving in-
stead the problem omitting incentive compatibility (8) if productivities and fixed costs are
appropriately modified:10

Proposition 1 An allocation is constrained efficient if and only if it is efficient with productivity
ϕ̃ and fixed costs η̃ given by

ϕ̃ (t, θ) = ϕ (t, θ)

�
1+

�
1+

1
ε

�
G (θ)� F (θ)

f (θ)
ϕθ (t, θ)

ϕ (t, θ)

�� ε
1+ε

(9)

η̃ (θ) = η (θ)

�
1� G (θ)� F (θ)

f (θ)
η0 (θ)
η (θ)

�
(10)

What gives rise to this equivalence intuitively is the fact that individuals possess pri-
vate information about their types and hence a constrained-efficient allocation must al-
low them to collect rents on that information. Those rents effectively modify productiv-
ities and fixed costs to reflect how they are perceived by the individuals. In particular,
larger relative differences in productivities, ϕθ(t,θ)

ϕ(t,θ) , require stronger incentives for more
productive types and hence constrained-efficient allocations must deliver larger informa-
tion rents to those individuals. The modified productivities in (9) capture exactly that,
augmented by the Frisch elasticity. Analogous incentives and information-rent effect are
produced by larger relative differences in fixed costs, η0(θ)

η(θ)
. The modification in (10) ac-

counts for that without the need to account for the hours elasticity. At the same time,
stronger preferences for redistribution toward a particular type, G(θ)�F(θ)

f (θ) , naturally pro-
duce the same effects for both the productivities and fixed costs.

3.2 Characterizing efficient retirement ages

One immediate benefit of the equivalence result is that it allows one to understand constrained-
efficient retirement ages from standard public information trade-offs. Consider a mar-
ginal increase in retirement age R (θ). It has a mechanical effect of increasing output
by ϕ̃ (R, θ) l (R, θ). It also has welfare effects of increasing the disutility of working by

10We show in the online Appendix B that with risk aversion the required modification is analogous.
To reflect the redistributive motives in G it is no longer enough to compare simply to the distribution of
types F since it is no longer the case that social welfare function is the only source of curvature. Hence the
comparison there is with a Utilitarian motive accounting for both sources of curvature. One consequence,
for instance, is that the modification is no longer degenerate in a Utilitarian case. The modification required
by Proposition 1 is also related to the concept of virtual types of Myerson (1981).
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ψl (R, θ)1+1/ε / (1+ 1/ε) and by virtual fixed cost η̃ (θ). At the efficient R (θ) these ef-
fects must balance: output net of variable cost of hours must be equal to the virtual
fixed cost. On the other hand, optimality conditions also imply that when hours are
chosen efficiently output net of variable cost of hours is proportional to ϕ̃ (t, θ)1+ε. Thus
ϕ̃ (t, θ)1+ε /η̃ (θ) must be equated across types at their efficient retirement ages, i.e.,

ϕ̃ (R (θ) , θ)1+ε /η̃ (θ) = κ

for some constant κ for all θ 2 Θ. Differentiating with respect to θ, the implicit function
theorem yields

R0 (θ) = �
∂
∂θ ϕ̃ (t, θ)1+ε /η̃ (θ)

���
t=R(θ)

∂
∂t ϕ̃ (t, θ)1+ε /η̃ (θ)

���
t=R(θ)

.

If, for example, individual productivities are declining around retirement, it is efficient to
have retirement age increase in θ if and only if ϕ̃ (R (θ) , θ)1+ε /η̃ (θ) increases in θ, and
decrease otherwise:

Proposition 2 : The constrained-efficient retirement age, R (θ), increases (decreases) in θ if and

only if ∂
∂θ

ϕ̃(R(θ),θ)1+ε

η̃(θ)
� 0 (� 0).

The insight here is that the efficient retirement behavior is driven by how virtual pro-
ductivities ϕ̃ (t, θ), augmented by the Frisch elasticity, differ across individuals relative
to how different the virtual fixed costs η̃ (θ) are. This sufficient-statistic-type expression
allows one to collapse complex optimality conditions down to a function of few objects
that are straightforward to interpret.11 While not necessary for the result, Assumption
1 is useful here in focusing on the fundamental forces. It implies that the productivities
are increasing in θ at a given age. Since the fixed costs can also be increasing in θ, the
resulting retirement behavior must be determined by the relative change. The extent of
information asymmetry makes the effective relative change more or less pronounced by
adjusting information rents.

3.3 Why retirement incentives are costlier than hours incentives

Intuitively, if the retirement wedge is low relative to the labor wedge, the distortion from
the income tax provides enough incentives for earlier retirement so that incentives for

11We show in the online Appendix B that in the general setup with risk aversion and discounting the
expression is exactly the same. It also does not rely on condition (ii) in Assumption 1 as ∂η (θ, t) /∂t � 0 is
sufficient. For an overview of the related general approach of sufficient statistics see, e.g., Chetty (2009).
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later retirement must be provided by the pension benefits. If, on the other hand, the
retirement wedge is higher than the labor wedge, the distortions from the taxes are not
enough to provide efficient incentives for early-enough retirement and it must be also
rewarded by the pensions.

We show next that under relevant conditions the retirement wedge is smaller than the
labor wedge at retirement and that this finding is independent of whether the efficient
retirement age pattern is increasing or decreasing.

Proposition 3 The wedges implied by the constrained-efficient allocation satisfy

τR (θ) = τy (R (θ) , θ)

��
1+

1
ε

�
� G (θ)� F (θ)

f (θ)
η0 (θ)

y (R (θ) , θ)
. (11)

In particular, τR (θ) < τy (R (θ) , θ) whenever η0 (θ) � 0.

This finding is novel and the independence from the retirement age pattern could
appear surprising or even counter-intuitive at first. To see the intuition, imagine first a
simple example of η0 (θ) = 0. Compare the incentive effects of an increase in output via
an adjustment in hours vs. an adjustment in the retirement age. A marginal increase in
y (R (θ) , θ) by ε lowers the utility of working for type θ by an amount proportional to
εy (R (θ) , θ)1/ε. The same increase in output can be achieved by increasing retirement
age R (θ) by ε

y(R(θ),θ) . This lowers the utility of retiring by an amount proportional to

ε
y(R(θ),θ) �

y(R(θ),θ)1+1/ε

1+1/ε = εy(R(θ),θ)1/ε

1+1/ε , which is less than from the adjustment in hours. In
other words, when individuals do not differ in fixed costs, the distortions to hours are
more useful in providing incentives and consequently the labor wedge at retirement is
larger than the retirement wedge.

When η0 (θ) � 0, as will be the case with all of our estimated fixed costs, this mecha-
nism becomes even more pronounced since increasing retirement ages naturally provide
additional incentives for the more-productive types not to under-report their type.

This is also connected to standard optimal taxation formulas (e.g., the static formulas
in Saez (2001) and the dynamic formulas in Golosov, Troshkin, and Tsyvinski (2011)). To
show that explicitly, we extend a standard labor wedge formula accounting for the life-
cycle with endogenous retirement: for all t and θ 2 Θ,

τy (t, θ)

1� τy (t, θ)
=

�
1+

1
ε

�
G (θ)� F (θ)

f (θ)
ϕθ (t, θ)

ϕ (t, θ)
. (12)

The difference here is that the labor wedge is scaled up by the relative change in the pro-
ductivities, ϕθ (t, θ) /ϕ (t, θ), reflecting the additional incentives coming from the infor-
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mation rents discussed above. Since ϕθ (t, θ) /ϕ (t, θ) is increasing in t after the peak pro-
ductivity t�, these incentives provide an additional force beyond standard age-dependence
results, increasing the labor wedge with age and making it less costly to keep the retire-
ment distortions lower. In other words, ignoring retirement incentives would lead to
optimal policy conclusions that are qualitatively different. Next we show that the main
insight here carries through to implementations in the form of optimal pensions reward-
ing later retirement.

3.4 Pensions rewarding later retirement are optimal

To make policy implementation more intuitive, we explicitly construct the tax and pen-
sion benefit functions before deriving their qualitative properties. Given a constrained-
efficient allocation

�
c (θ) , y (t, θ)t2[0,R(θ)] , R (θ)

�
θ2Θ

, extend y (t, θ) for t > R (θ) by defin-
ing it to be the values implied by the virtual productivities (9) if the planner were to
ignore the virtual fixed costs (10). This gives a complete profile of income for all ages and
individuals. Then the tax function T (t, y) is defined by

θ = arg max
θ̂

y
�
t, θ̂
�
� T

�
t, y
�
t, θ̂
��
� ψ

1+ 1/ε

y
�
t, θ̂
�1+1/ε

ϕ (t, θ)1+1/ε
. (13)

Incentive compatibility of (y (t, θ)� T (t, y (t, θ)) , y (t, θ) , �) pins down the slope of
T (t, �) with respect to y. Then over a feasible interval the function T (t, y) is uniquely
determined up to a constant:

Lemma 1 Given a constrained-efficient allocation with y (t, θ) continuous and increasing in θ,
there exists T (t, y) satisfying (13) that is unique up to a constant on

�
y (t, θ) , y

�
t, θ̄
��

.

Construct now the benefits b (R) by first defining

b̂ (θ) = c (θ)�
Z R(θ)

0
[y (t, θ)� T (t, y (t, θ))] dt. (14)

Whenever R (θ) is a one-to-one function of θ, there exists b (R) such that b (R (θ)) = b̂ (θ).
If R 6= R (θ) for some θ, set b (R) to a sufficiently small number that type θ would never
choose.

Lemma 2 Given a constrained-efficient allocation with y (t, θ) continuous and increasing in θ

and R (θ) one-to-one, the policies in (13) and (14) implement the allocation, i.e., the allocation is a
local optimum.
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Intuitively, the tax function T is constructed so that conditional on working in period
t an individual of type θ earns exactly the constrained-efficient y (t, θ). Then the construc-
tion of the benefits with formula (14) means that a choice of retirement age R = R

�
θ̂
�
, for

some θ̂, coincides with the choice to report θ̂. Given incentive compatibility constraints,
however, the individual of type θ will choose R (θ). Risk neutrality makes it particularly
straightforward to see this intuition because with quasi-linear utility the choice of a retire-
ment age does not affect labor supply at each age. In the general setup with risk aversion
a change in the retirement age can affect per-period consumption and hence can change
the decision about hours worked at certain ages – it may become individually optimal to
double deviate. Nevertheless, we show in the online Appendix B that it is sufficient to
condition the benefits function on lifetime earnings to prevent such double deviations.

Properties of Optimal Pension Benefits. Assuming differentiable b (R) (e.g., guaran-
teed by the differentiability of the allocations) individual optimality conditions imply12

y (R)� T (R, y (R)) + b0 (R) =
ψ

1+ 1/ε

y (R)1+1/ε

ϕ (R)1+1/ε
+ η (θ) ,

implying that the retirement wedge is given by T (R,y(R))
y(R) � b0(R)

y(R) and hence from Proposi-
tion 3

T (R, y (R))
y (R)

� b0 (R)
y (R)

< Ty (R, y (R)) .

That is, pension benefits must reward later retirement, b0 (R) > 0, whenever marginal tax
rates are lower than average tax rates. Even though only the slope Ty (t, y) is uniquely
determined at every age, for an arbitrary intercept, the marginal tax is likely to be lower
than the average tax at higher incomes. Moreover, since the implementation works for
any intercept, T (�, �) can always be modified so that b0 (R) > 0.

A key novel qualitative insight here, just as in the analysis of incentives above, is that
pension benefits reward later retirement independently of whether the efficient retire-
ment ages are increasing or decreasing with productivity:

Proposition 4 Given T and b implementing constrained efficiency:
(i) Whenever average tax is at least as large as marginal tax, i.e., b0 (R (θ)) > 0 for all θ 2 Θ

with T (R (θ) , y (R (θ) , θ)) /y (R (θ) , θ) � Ty (R (θ) , y (R (θ) , θ)), pension benefits reward
later retirement.

(ii) There always exist optimal T̂ and b̂ implementing constrained efficiency with pension
benefits rewarding later retirement, i.e., with b̂0 (R (θ)) > 0 for all θ 2 Θ.

12To simplify notation, we suppress here explicit dependence on θ whenever it does not jeopardize clarity.
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Properties of Optimal Tax Functions. The explicit construction of T extends to the en-
vironment with endogenous retirement the observation that the efficient marginal taxes
are generally age dependent. Formula (12) reveals, however, that age dependence is
driven also by the properties of the productivity-age profiles. Specifically, whether the
efficient marginal tax increases, decreases, or stays unchanged with age will be driven by
how relative productivity differences evolve with age, i.e., the sign of ∂

∂t
ϕθ(t,θ)
ϕ(t,θ) . In other

words, the rewarding of delayed retirement by optimal pensions is independent of the
properties of optimal income tax functions. In particular, that finding is not affected by
weather the optimal income taxes are age-dependent or not.13

4 Constructing Quantitative Environment

We now return to the positive version of the setup to estimate parameters of the general
environment with risk aversion and discounting using U.S. microeconomic data. We as-
sume each individual in the data takes as given the status-quo income taxes and the U.S.
Social Security and maximizes lifetime utility (1) subject to the present-value budget con-
straint (7) as described in Section 2. The observed individually-optimal allocations are
hence potentially constrained inefficient.

We use a mixed identification strategy following recent literature on idiosyncratic con-
sumption and labor choices.14 First, some parameters are fixed following existing find-
ings or are taken directly from the observed data. The robustness is checked by chang-
ing the values of these parameters within the ranges from the literature and by using
alternative definitions in the data. Second, some parameters are estimated outside the
environment with ancillary statistical models. For some of these this is done to reduce
the computational burden, e.g., for the productivity-age profiles. For others, estimation
within the structure of the environment is not needed, e.g., for the status-quo policy func-
tions. In the third step the remaining parameters are calibrated to match data moments,
e.g., the unobservable fixed costs.

13This can also be seen intuitively more broadly by considering an example with productivity profiles
proportional to each other, i.e., ∂

∂t ϕ (t, θ) = 0. Then the labor wedge is independent of age and hence so
is the marginal tax function (because the marginal rate of substitution between hours worked at different
ages is independent of θ and hence all individuals evaluate income at different ages the same way). As
a result, variations in the marginal tax across ages cannot be useful in providing incentives. On the other
hand, some degree of fanning out in productivity-age profiles can potentially make increasing marginal tax
useful for some types after their peak productivity ages t� (θ).

14See, e.g., Low, Meghir, and Pistaferri (2010).
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Table 1: Summary statistics for the HRS, the PSID, and the pooled samples.

HRS sample PSID sample Pooled sample
Individuals 971 1,116 2,087
Observations 5,788 30,751 36,539

Years of education 12.7 (3.1) 13.2 (2.5) 13.0 (2.8)
Fraction Caucasian 0.92 0.94 0.90
Fraction married 0.87 0.84 0.88

Average annual hours 2272 (635) 2129 (768) 2195 (713)
Average wage 35.0 (274.5) 23.9 (15.8) 29.1 (187.6)

Avg. retirement age, baseline definition 67.4 (5.3) - 67.4 (5.3)
Avg. retirement age, alternative definition 68.9 (4.8) 64.8 (6.7) 66.7 (6.3)
Social Security claiming age 63.5 (2.5) - 63.5 (2.5)
Notes: 1940-cohort males; standard deviations in parentheses.
Sources: RAND HRS, PSID data set from Heathcote, Perri, and Violante (2010).

4.1 Data

Main sources of individual data are the RAND version of the HRS, which is a cleaned
and streamlined version of raw HRS files, and the PSID data set from Heathcote, Perri,
and Violante (2010), who aim to carefully address a number of well-known issues in the
raw data. To take advantage of both the more extensive longitudinal component and the
larger retirement age sample, we construct a pooled sample of the HRS and the PSID.
The number of individuals from each data set is roughly equal, with the PSID naturally
providing significantly more observation per person as summarized in Table 1.15 Sum-
mary statistics indicate close sample averages for standard demographic characteristics
and hours worked as well as expectedly higher average wage for a more mature HRS
sample. Our baseline is the males of the 1940 cohort. One advantage of that cohort is that
it is the longest observed cohort in the HRS.16

The bottom three rows of Table 1 also summarize key ages for the setup. We let t = 0
in the model correspond to age 20 and set the baseline life span T̄ = 81.6 following Bell
and Miller (2005), extending to heterogeneous life spans T (θ) later in the next section.
The individual ages at which Social Security benefits are claimed, S (θ), are taken from
the HRS. Retirement ages R (θ) are calculated using two definitions, a baseline and an

15The online Appendix C provides further details of the sample construction, the distribution of retire-
ment ages, and how they vary in the data with the definition of retirement, with education, and by sector.

16Following Guvenen (2009) and Heathcote, Perri, and Violante (2010), we experimented with using all
birth years and removing cohort effects with little change to the results below.
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Figure 1: The U.S. microeconomic data (pooled sample of HRS and PSID): retirement ages, R
(baseline and alternative definitions), Social Security claiming ages, S, and life expectancy at age
60, T.

alternative. The baseline follows the definition of the consolidated labor force status in
the RAND HRS: retirement is recorded when an individual is observed in a non-retired
status followed by a permanent switch to the retired status.17 The alternative definition
follows Guvenen (2009): retirement is recorded when a worker’s observed annual hours
fall below 520 permanently using hours reported in the PSID and the HRS. Figure 1 shows
that the retirement ages mildly decrease over much of the lifetime earnings distribution,
only slightly increasing over the top two deciles; the Social Security claiming ages are
essentially flat to a first approximation around the average of 63.5.

4.2 Productivity-age profiles

The productivity-age profiles are estimated first by adapting a standard parametric ap-
proach to our environment (e.g., Altig et al. (2001)). Let

ϕ(t, θ) = θϕ(t)θat,

where ϕ (t) is a common component in age, a is a constant, and taking logarithm of both
sides,

log ϕ (t, θ) = log θ + log ϕ (t) + at log θ,

17RAND HRS reconciles all available relevant responses in each wave. In particular, it aims at separating
retirement from unemployment, from partial retirement, and from reporting retirement while also reporting
labor earnings.
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Figure 2: Idiosyncratic productivity-age profiles estimated on the pooled sample, baseline case,
selected percentiles (Panel A). Calibrated fixed costs of working normalized as fractions of time
endowment, at the time of observed retirement (baseline R, solid line), one year before and after
observed retirement (dot-dashed lines), and five years before and after (dashed lines) (Panel B).

with the first term on the right, log θ, capturing the unobserved idiosyncratic type; the
second term, log ϕ (t), is the common age profile; at log θ captures interactions between
type and age reflecting that individuals potentially age differently. Following Low and
Pistaferri (2015) the individual fixed effects are interpreted as individual type, also help-
ing address potential selection bias. To proxy for log ϕ (t, θ) the logarithm of effective la-
bor earnings per hour is used, i.e., the computed ratio of all labor earnings to total hours
reported, converting to constant 2000 dollars (the year an individual born in 1940 would
turn 60).18 We then use predicted individual fixed effects to identify individuals into N
types, producing N productivity-age profiles.

We focus here on baseline N = 10 with each group representing a lifetime average an-
nual earnings decile and later vary N. Panel A of Figure 2 displays the productivity-age
profiles for selected deciles, consistent with the general shape and life-cycle evolution of
the profiles in the literature (e.g., Altig et al. (2001)). Higher deciles display higher pro-
ductivities, generally increasing faster at younger ages. While in this general setup we
no longer impose Assumption 1, its condition (i) is satisfied whenever ϕ (t) decreases at
older ages faster than θat increases. As a result, some fanning out is apparent in produc-
tivities with age, at least in the top deciles.

18The details of the generalized method of moments estimation of the resulting nonlinear statistical model
are reported in the online Appendix C. A significantly more involved alternative is to construct productiv-
ities implied by the data and the individual first-order conditions, requiring a structural estimation well
outside of the scope of the paper. The main challenge in that case is to correctly account for private assets
that appear in the individual optimality conditions with income effects on preferences.
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As with any parametric procedure, a number of concerns are debated in the literature.
To address this, we show that normative findings below are robust with respect to key
variations. One potential concern could be data selection: since the time variation can
only be identified from the individuals who are still working, it may cause one to over-
or under-estimate how fast higher productivities decline with age. Following Kahn and
Lange (2014), we check robustness to changes in the curvature of the profiles, especially
at older ages. We show that the effects of overestimation bias are quantitatively minimal
while underestimation works to strengthen our results. Another potential concern could
be the sensitivity of the data fit with respect to the parametric assumption about age de-
pendence. To check this robustness we follow Nishiyama and Smetters (2007) grouping
individual observations into bins and 10-year intervals of ages, extrapolating by using
shape-preserving splines to obtain the complete productivity-age profiles. Then, we also
replace age with two alternative definitions of experience to arrive at quantitatively virtu-
ally indistinguishable normative insights. The details of these as well as other robustness
checks are provided in the online Appendix C.

4.3 Status-quo policies

The policy functions T and b are estimated to match the status-quo U.S. policies. The
income tax function is given by

T (y (t)) = y (t)� λy (t)1�τ .

Functions of this form have been shown to approximate well the effective income taxes
in the U.S., inclusive of state income taxes and a number of government non-retirement
programs among others (Heathcote, Storesletten, and Violante (2014)). We follow them
setting τ = 0.151 (the parameter controlling progressivity) and calibrate λ to equate the
present values of lifetime consumption and earnings for the cohort, which is λ = 0.8067
in our baseline. Panel A of Figure 3 shows the resulting marginal and average taxes as
functions of annual earnings in constant 2000 dollars.

An intuition behind the calibration of λ is easiest to see from the overlapping-generations
version of the setup, where the difference between the present values of labor earnings
and consumption for a generation is equal to the total net capital income less the present
value of government purchases. The net capital income is approximately payments to
capital less depreciation, and in standard calibrations in the literature this net capital in-
come as a fraction of GDP would be about 0.4� 0.06� 3.5 = 0.19, with 0.4 share of capital,
0.06 annual depreciation rate, and the capital-output ratio of 3.5, giving a historical aver-
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Figure 3: Estimated U.S. effective personal income tax function, T (Panel A). Approximated U.S.
Social Security pension benefit function, B, and annualized PIA benefits as a function of annual-
ized AIME (Panel B). Sources: Heathcote, Storesletten, and Violante (2014), SSA (2014).

age of government purchases around 20% of GDP.19

To estimate the present value of net pension benefits b, we set the annual benefit func-
tion to

B (Y) = A1 + A2/
�

1+ e�A3Y
�

,

where Y is the average value of the highest 35 years of earnings so B (Y) is the annual
benefit given by b (Y) � B (Y)

R T̄
S e�rtdt, i.e., paid out between S and T̄.20 Parameters

A1, A2, and A3 are estimated by minimizing the least absolute deviation of B from the
annualized Primary Insurance Amount (PIA) benefit formula of the Old Age, Survivor,
and Disability Insurance (OASDI) part of the Social Security in 2000. The benefits are thus
a function of a measure of lifetime earnings analogous to the way the PIA is a function of
the Average Indexed Monthly Earnings (AIME).

Panel B in Figure 3 shows annualized B (Y) and for comparison PIA, as functions of
annual earnings. An advantage of the estimated policies, both the tax and benefit func-
tions, is that they capture key stylized features of the status-quo U.S. policies with rela-
tively simple smooth functions significantly reducing the computational burden. As with
the productivity-age profiles, the online Appendix C shows robustness of the normative
findings below with respect to alternative estimates of status-quo policies.

19According the Bureau of Labor Statistics the average value of government consumption expenditure
and gross investment as a fraction of GDP between 1947 and 2013 is 20.83. Nevertheless, to explore robust-
ness we also vary this target in the next section.

20Recall from Figure 1 that in the U.S. micro data individual ages of claiming benefits, S, generally appear
quite different from retirement ages, R.
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4.4 Fixed costs

The fixed costs of working are calibrated within the structure of the positive setup. Pref-
erences are iso-elastic with

u (c) =
c1�1/σ � 1

1� 1/σ
, v (l) = ψ

l1+1/ε

1+ 1/ε
,

where ψ is calibrated at the same time as fixed costs to match the average hours in
the model to the average hours in the pooled sample. The baseline is σ = 1 with the
Frisch elasticity of labor supply ε = 0.5 (mid-range estimates in Chetty (2012)), compared
throughout with ε = 0.25. The interest rate is set to 2 percent with β = 0.9804.

The fixed costs are calibrated two alternative ways. First, they are simply chosen to
match individually-optimal retirement ages in the model to the data. The identifying
assumption in this case is that the fixed cost for a given individual type does not change
at the ages around retirement, η (t, θ) = η(θ) for t in the neighborhood of R (θ). This is
weaker than condition (ii) in Assumption 1 while still providing an intuitive benchmark.

To do this, the positive setup is numerically solved for fixed costs together with allo-
cations, while setting retirement ages, productivity-age profiles, and status-quo policies
as described above. The results are shown in Figure 2 for easy comparison with produc-
tivities. The solid line in Panel B of Figure 2 plots calibrated fixed costs – at the retirement
ages observed in the data – normalized as a fraction of time endowment to facilitate in-
tuition and to allow comparisons with estimates in the literature.21 Average fixed cost in
Figure 2 is 0.2306 (e.g., Chang et al. (2014) estimate 0.2099). An interpretation is that on
average fixed costs of working represent daily about five and a half hours (23.06 percent
of 24 hours) – the time equivalent of commute cost and time, work attire costs, cost of
meals, networking, etc. The costs increase with lifetime earnings moderately, from 0.1870
for the bottom earnings decile to 0.2659 at the top of the distribution, consistent with the
estimates in the literature.22

Age-varying fixed costs. The second calibration of fixed costs relaxes the restriction
of the costs not changing over time in order to capture other forces that may affect retire-
ment, such as variations in health over time. A natural way to calibrate the rate of change

21Recall from the qualitative analysis that individual optimality requires (1� τ) ϕtltu
0 (ct) = v (lt) + η at

t = R. The normalization means a time cost l̄, implying yt = ϕt max
�

0, lt � l̄
	

and the optimality condition
becoming (1� τ) ϕtu

0 (ct) = v0
�
l̄
�

at t = R. The time cost l̄ is then equivalent to η if v0
�
l̄
�
=
�
v
�
l̄
�
+ η

�
/l̄

or l̄ = (η (1+ ε) /ψ)
ε

1+ε .
22For a review of the estimates in the literature see, e.g., Rogerson and Wallenius (2013). For example, see

h̄ in Table 1 in Chang et al. (2014) with γ = 0.5 = 1/ε and the lowest σx, i.e., closest to permanent shocks
(their B = 82.70 is the counterpart of our calibrated ψ = 84.66).

22



in fixed costs with age is to target existing estimates of the elasticity of retirement age with
respect to policies affecting retirement decisions. The literature successfully identifying
such responses empirically is limited (Chetty et al. (2011)).23 We instead follow French
(2005) and use the estimates from his structural life-cycle model of labor supply, health,
and retirement. French (2005) reports a range 1.04 - 1.33 of estimates of the elasticity of
labor supply with respect to a temporary anticipated increase in earnings at age 60 (see,
e.g., his Table 2). He shows that at those ages the individuals are close enough to retire-
ment so that the labor response is coming mainly from the participation decision at the
retirement margin.

We numerically re-solve the positive setup choosing the rate of change in fixed costs to
match the elasticity, while setting fixed costs at the observed retirement ages to the point
estimates above since a temporary anticipated increase in earnings leaves unaffected the
point-identification. In other words, in the complete calibrated positive setup the fixed
costs at the observed retirement ages are pinned down by the individual optimality con-
ditions at those ages while the rate of change of fixed costs with age is calibrated to match
the average labor supply elasticity at age 60. The rate of change is calibrated to 1.68% per
year targeting the elasticity 1.185, the middle of the range in French (2005). The resulting
evolution of fixed costs with age is illustrated also in Panel B of Figure 2. The dot-dashed
lines show 1-year bands around the observed retirement ages: fixed costs 1 year before
observed retirement ages are shown as a dot-dashed line below the solid line of point es-
timates; fixed costs 1 year after observed retirement are shown as a dot-dashed line above
the point estimates. Similarly, the 5-year bands around the observed retirement ages are
shown by the dashed lines. On average, fixed costs 5 years after the retirement ages ob-
served in the data are the equivalent of just over 6 hours per day and by age T the costs
exceed 8 hours per day.

Given the robustness checks on the productivity-age profiles and status-quo policies
above, to be consistent verifying robustness of normative findings in the next section we
re-calibrate fixed costs for each of the robustness checks. As a check of external validity
of the positive model we also simulate generic extensive labor supply elasticity: starting
from the baseline with retirement ages matching the data we compute required simulated
change in the present value of lifetime pension benefits to increase the average retirement

23The robustness of existing estimates is limited primarily by data availability on older individuals’ work-
ing behavior over time, resulting in wide ranges of estimates and challenges singling out the exact elasticity
being estimated. A particular challenge is disentangling income and substitution effects. The changes in
wages arguably have both income and substitution effects and could be endogenous to health and there-
fore retirement decision. At the same time, there is limited variation in pension benefits among groups of
similar individuals near retirement age.
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age by one year, giving the average elasticity of 0.37 within the range 0.13� 0.43 in the
literature (Chetty et al. (2011)). Another standard external validity check is to compare
simulated stationary income distribution against an alternative data source. According
to the U.S. Census, the median male’s income in the U.S. in 2000 was $37,339 (with a
90% confidence interval of �225.0), while our baseline calibration here is $34,285. The
bottom 10 percent of the distribution had average income of $15,722 (�94.7) vs. calibrated
$16,515; the top decile was $85,487 (�515.1) vs. calibrated $89,905.

5 Quantitative Analysis of Constrained Optima

Given the estimated parameters of the general environment, we return to normative ques-
tions to quantify the insights identified by the analysis in Section 3 as well as what they
would imply for the overall welfare and aggregate output. Taking advantage of the qual-
itative insights it is tractable to numerically solve for the constrained-efficient allocations
over the complete life-cycle, verify ex post global incentive constraints, and simulate opti-
mal policy implementations. We start with the baseline estimates of productivity-age pro-
files and fixed costs and with exogenous redistributive motives given by equal weights in
the social welfare function, G (θ) = F (θ) for all θ 2 Θ. We then vary the welfare weights
and the rest of the parameters as described in the previous section to explore quantita-
tive robustness and extensions. Broad quantitative insights that emerge from comparing
constrained optima to the status quo are (i) significantly later retirement of higher earn-
ing individuals, (ii) increased benefits from delayed retirement, which further increase
with lifetime earnings, and (iii) large welfare and output gains from switching to optimal
policies.

5.1 Efficient retirement ages

Proposition 2 suggests that the profile of constrained-efficient retirement ages across types
can be captured in a straightforward way by the differences in virtual productivities rel-
ative to fixed costs. Figure 4 illustrates these relative differences as a function of lifetime
earnings, evaluated at three sets of ages: at the retirement ages observed in the U.S. micro-
economic data, R, at the observed Social Security PIA-benefit claiming ages, S, and at an
arbitrary constant age 70. The expression evaluated at the observed retirement ages, R, is
plotted with a solid line. Given that it is increasing almost everywhere with lifetime earn-
ings, Proposition 2 implies that retirement ages should also be increasing almost every-
where to be constrained-efficient, which is in contrast with almost flat profiles found in
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Figure 4: Sufficient statistic expressions for retirement ages, ϕ̃ (t, θ)1+ε /η̃ (θ), evaluated at the
retirement ages observed in the U.S. microeconomic data, R (baseline definition), at the Social
Security claiming ages, S, and at a constant age 70.

Figure 1 for the U.S. data.
This type of sufficient statistic expression allows a straightforward evaluation of coun-

terfactual experiments often put forth as potential goals for pension reforms. We first con-
sider a counterfactual where every worker in the U.S. instead is required to retire when
they claim their Social Security benefits, i.e. at ages S. Evaluating the expression at S for
each type produces the dashed line in Figure 4 which is once again increasing for almost
all types, suggesting once again that a flat retirement age profile would be suboptimal.
Illustrated with the dot-dashed line in Figure 4, the same conclusions are reached when
we consider a counterfactual with every worker retiring instead at a constant age, for in-
stance, 70. What these experiments suggest is that reforms that do not correctly account
for the individualized incentives relevant for retirement decisions are likely to keep the
economy away from constrained-efficiency.

To break down the sources of increasing expressions above recall that we have already
seen above in Figure 2 that both the productivities and the fixed costs generally increase
with type at a given age. Comparing vertical scales in Panels A and B in Figure 2, it is
also apparent that the productivities change much faster with type, in fact close to expo-
nentially, while fixed costs change only about linearly. This is quite intuitive since one
expects workers to be potentially vastly more different at productive tasks rather than at
commute, meals, attire, etc. In terms of virtual productivities and fixed costs, Proposi-
tion 1 further implies that information rents only strengthen this relationship (except in
the presence of extreme redistributive motives, e.g., Rawlsian motives that we consider
below).
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Figure 5: Constrained-efficient retirement ages: As a function of lifetime earnings with Frisch
elasticity ε = 0.5 (solid line) and with ε = 0.25 (dashed line) compared to U.S. microeconomic
data (R, baseline definition, dot-dashed line) (Panel A). Cumulative distributions of retirement
ages (Panel B).

Turning to the constrained-efficient allocations themselves, Figure 5 illustrates quan-
titative observations that are robust across variations in the estimated parameters. The
solid line in Panel A plots constrained-efficient retirement ages as a function of lifetime
earnings in the baseline case with Frisch elasticity ε = 0.5,24 contrasted with the dot-
dashed line plotting the retirement ages observed in the U.S. micro data (dashed line
provides a comparison with ε = 0.25). In line with the analysis of Figure 4, efficient re-
tirement ages increase for almost all lifetime earnings and strictly increase in the tails of
the distribution. The retirement starts from age 57.1 at the bottom of the distribution in-
creasing to 60.1 by the second decile and to 64.5 by median lifetime earnings. The top
three deciles show a further increase, bringing the average retirement age for the top half
of the distribution to 69.8. The variation in the Frisch intensive elasticity only slightly al-
ters the quantitative extent of these increases. Intuitively, lower intensive elasticity mod-
erately exacerbates individual differences in productivities relative to fixed costs, which
would make profiles in Figure 4 somewhat steeper, hence implying a somewhat steeper
retirement age profile.

The constrained-efficient profiles of retirement ages in Figure 5 are also notably steeper
than in the U.S. microeconomic data. The mechanics behind this are that in the bottom
half of the distribution the expressions at the observed retirement ages in Figure 4 are
lower than the constrained-efficient value (which would be just below 14), suggesting

24To facilitate comparisons, this baseline case is plotted with a thick solid line throughout the quantitative
analysis as well as later throughout the extensions.
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that those are the ages that are suboptimally high in the data. The opposite holds for
the top 20 percent of the distribution (while the 6th through 8th deciles are close to the
efficient levels). A comparison of the constrained-efficient solid-line profile with the dot-
dashed line of the U.S. retirement ages in Panel A of Figure 5 bears out these observations.
Workers in the top half of the lifetime earnings distribution efficiently retire on average
at the age of 69.8, while in the U.S. data their average retirement age is 66.9. Workers
in the bottom half retire at 61.7, while in the U.S. data they do so at 67.6. For an alter-
native comparison Panel B also maps these observations into cumulative distributions of
retired individuals that are conventional in the literature. Once again the variation in the
intensive elasticity minimally alters the quantitative differences.

5.2 Optimal pension systems

Consider next the differences between optimal and the status-quo policies. Another per-
spective on the sufficient statistic expressions is that the above analysis implies that in
the constrained optimum more productive workers need to be provided with incen-
tives for later retirement. A consequence of the expressions in Figure 4 being above
the constrained-efficient values at the top of the lifetime earnings distribution is that the
status-quo policy distorts retirement too much in that part of the distribution, resulting
in retirement too early. Similarly at the bottom of the distribution the distortion is also
too strong (in absolute value) albeit distorting retirement in the opposite direction. Since
Proposition 3 shows that retirement incentives are costlier than incentives for the hours
decisions, this implies that the status-quo policies cannot be optimal.

Wedges. We simulate first the implied wedges in order to illustrate optimal incentives
independently of the particulars of an implementation. Panel A in Figure 6 plots the
retirement wedge, τR, as a function of lifetime earnings with a solid line for the baseline
ε = 0.5 (as before, the dashed line provides a comparison with ε = 0.25). The positive
quantitative framework allows us to also simulate the retirement wedges implied by the
U.S. data in the previous section. We plot them as a function of lifetime earnings with a
dot-dashed line in Panel A. As explained by the above analysis, for most of the earnings
levels and especially in the tails the retirement distortions are reduced in absolute size
in the optimum versus the distortions by the status-quo policies. A takeaway is that
the existing U.S. policies imply retirement wedges that are significantly more progressive
than optimal. That is, quantitatively they distort retirement age decisions in the tails of
the earnings distribution too much given how costly the retirement incentives are relative
to the hours incentives.
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Figure 6: Optimal wedges: Retirement wedge, τR, with baseline ε = 0.5 and with ε = 0.25
compared with the retirement wedge implied by the status quo U.S. policies (Panel A). Labor
wedges, τy (t), at selected ages with baseline ε = 0.5 (Panel B) compared with ε = 0.25 (Panel
C).

The labor wedges, τy, are shown as functions of lifetime earnings in Panels B and C of
Figure 6 for selected ages: at the beginning of the working life (age 20, solid line), at prime
(age 40, dashed line), and closer to retirement (age 55, dot-dashed lines). Intuitively, since
relative differences between individual productivities tend to increase with age, so do the
labor wedges to provide incentives to work at full productivity as explained by our gen-
eralization of the standard marginal tax formula (12). The lower Frisch elasticity leads to
higher wedges as well. A quantitatively key insight from Figure 6 is that the retirement
wedge is of smaller value than the labor wedges everywhere. Recall that our analysis of
Propositions 3 and 4 shows that in this case optimal pension systems reward later retire-
ment, regardless of whether the efficient retirement ages are increasing or decreasing. The
quantitative differences between the wedges are almost an order of magnitude, implying
that sizeable incentives for later retirement are needed to offset the incentives for earlier
retirement imbedded in marginal income taxes.25

Policies. Turning to optimal policy functions, recall from Lemmas 1 and 2 that im-
plementation characterizes marginal policies with the total functions identified up to a

25Note also that while standard results in the literature may suggest to attribute increasing efficient re-
tirement ages to the standard optimality of no distortions for the top type, it cannot be the explanation here.
For the top decile, the undistorted labor supply produces a large increase in retirement age from the status
quo 68.5 to 81.6, as we have seen in Figure 5. The increases in retirement age, however, are not limited to
the top decile. The labor wedge evaluated at retirement for the 9th decile is around 40 percent, yet their
retirement age also significantly increases compared with status quo, from 67.2 to 73.6 . Figure 6 reveals
that this is due to a significant reduction in their retirement wedge compared with the status quo. Analo-
gous observations hold for the top half of the distribution with the opposite observation for the bottom tail,
while the middle of the earnings distribution in the data experience close to optimal retirement incentives
as we showed above.
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Figure 7: Optimal pension benefits encourage later retirement (Panel A, marginal benefits with
respect to an increase in retirement age). Optimal replacement rates compared to the replacement
rates implied by the U.S. microeconomic data and the status-quo U.S. Social Security (Panel B).

constant. To fix the constant (the intercept of the income tax function) we keep the av-
erage tax for the bottom decile at -33.3 percent as in the status quo.26 Then the optimal
income tax system is fully quantified with the marginal tax rates given by the above ana-
lyzed labor wedges in Figure 6. The optimal pension benefits are illustrated in Figure 7.
Panel A plots marginal (with respect to an infinitesimal increase in retirement age) pen-
sion benefits as a function of lifetime earnings, B̂0 (R) /B̂ (R). The two lines represent the
baseline elasticity ε = 0.5 (solid line) and ε = 0.25 (dashed line). Recall that for a type θ

facing income taxes T (t, y) and a per-period pension benefit B̂ (R) the optimality of the
choice of R requires

v
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where intuitively B̂0 (R) is the rate of return on choosing to retire a bit later so that
B̂0 (R) /B̂ (R) implements the retirement wedge τR (θ).27

Panel A shows that the optimal pension system rewards later retirement as explained

26According to CBO (2012) the disposable income including transfers of a single parent with one child
with an income of $15,000 is approximately $20,000, which amounts to an average tax rate of -33.3 per-
cent. Alternatively, the constant can be fixed, for example, to the rate for the median individual without
qualitatively changing the results.

27This illustrates the central mechanism and since the lifetime earnings could also depend on the retire-
ment age the online Appendix B provides the details of computing a complete implementation.
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by the analysis of Proposition 4. The optimal return on later retirement is positive through-
out the distribution, ranging from 4.5% at the bottom to 18% at the top of the distribution
in the baseline. Optimal marginal benefits increase with earnings, especially in the right
tail of the distribution. Intuitively, lower elasticity requires a somewhat steeper profile
to provide the same incentives. Our quantitative analysis here also allows a direct com-
parison with the status-quo U.S. policies. According to SSA (2014), Table 2.A20, the rate
of return on later retirement ranged 3.5%� 8% between 1987 and 2005. While this is in
the same direction as the optimal policy, the quantitative magnitudes are substantially
different. Moreover, the status-quo rate of return on later retirement was flat throughout
the distribution while it sharply increases in the optimal policy in Panel A of Figure 7.

Panel B further quantifies the comparison with the status quo by simulating replace-
ment rates, i.e., the ratio of annual pension benefits to the average annual earnings during
the working life, which is a common measure in the literature.28 As before, the solid line
plots the baseline ε = 0.5 replacement rates, the dashed line plots replacements rates with
ε = 0.25, and the dot-dashed line provides a comparison with the U.S. status-quo replace-
ments rates. The optimal replacement rates decrease as a function of lifetime earnings and
in the right tail of the distribution reach levels similar to the status quo. At the bottom of
the distribution, relatively earlier constrained-efficient retirement ages and negative aver-
age income taxes at retirement require the optimal replacement rate of almost 240 percent
compared with just over 100 percent in the status-quo U.S. Social Security system. In
other words, as above, the takeaway is a quantitatively significant increase in returns to
later retirement.

5.3 Welfare and aggregate output effects

To quantify the importance of the differences illustrated above, we compute the changes
in welfare via equivalent consumption variation as well as the changes in output from
switching from the U.S. status quo to the baseline simulation of the constrained efficiency.

Table 2 compares both the aggregate values and selected percentiles of the lifetime
earnings distribution. The top part of Table 2 shows that the aggregate welfare change for
the cohort is 7.1% in consumption equivalent. As the analysis above explains, the welfare
in the right tail of the distribution declines – by as much as 20% in the top ten percent of
the distribution – while the bottom of the distribution gains significantly – the average of
about 12% in the bottom half of the distribution.

28Note that the replacement rate is with respect to earnings (not contributions) and will have no effect on
the capital stock here. In fact, the pension system does not even have to be pay-as-you-go.
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Table 2: Effects of switching to baseline optimum from the status quo.

Changes in Welfare
Aggregate 1st decile 2nd decile 9th decile 10th decile

7.1% 44.9% 24.4% -4.7% -20.0%

Changes in Output
Aggregate 1st decile 2nd decile 9th decile 10th decile

1.7% -26.0% -18.7% 1.8% 35.0%

To understand the sources of large changes in welfare throughout the earnings distri-
bution as well as of the gains in the aggregate, consider how the constrained efficiency
affects the output of the economy when the pension system provides individuals with
optimal incentives for retirement. The bottom part of Table 2 reveals a substantial growth
in aggregate output, increasing it by 1.7 percent. The main driving force behind the in-
crease in aggregate output is the increase in retirement ages we saw in the right tail of
the distribution. The combination of reduced retirement wedges we showed above and
the persistence of productivity differences with age imply large output gains at the top of
the earnings distribution – by more than a third for the most productive decile. Quantita-
tively, those output gains are more than enough to offset the losses needed for the earlier
retirement of the workers in the left tail of the distribution. The resulting significant ag-
gregate output gains contrast with most of the literature, indicative of the potentially
underexplored power of retirement incentives as an optimal policy focus.

5.4 Other forces affecting retirement

Next we explore other mechanisms that could reasonably be expected to potentially affect
quantitative findings. We focus here on key mechanisms while the online Appendix pro-
vides further details of the robustness of the quantitative insights with respect to the alter-
native definitions of retirement age, alternative estimates of the productivity-age profiles,
accounting for alternative measures of experience, varying the steepness of the produc-
tivity decline at older ages, alternative status-quo policy approximations, and the number
of types. As before, we illustrate the effects focusing on constrained-efficient retirement
ages and optimal pension systems to summarize main insights.

Heterogeneous life span. Given considerable evidence that mortality is closely re-
lated to lifetime earnings (Waldron (2013) among others), we allow for heterogeneous life
span in order to explore the effects longer lives could have on efficient retirement and
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optimal policies by changing the total amount of lifetime benefits collected. This allows
us to keep the focus on the efficient retirement ages and optimal pension systems while
abstracting from numerous related issues beyond the scope of the paper.29

The environment is as given in Section 2 except the length of life for each individual
of type θ is now given by T (θ) where T : Θ ! R+ is a typically increasing function. The
utility function for each individual of type θ is then given by

Z T(θ)

0
e�rtu (c (t, θ)) dt�
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�
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The constrained-efficient allocation is defined as before to be the solution to the mech-
anism design problem except with preferences given by (15). We re-state the complete
modified mechanism design problem in the online Appendix B and formally show that
the main channel through which life span can potentially affect the retirement decision is
through its income effect on consumption. Thus the quantitative environment can be con-
structed analogously to Section 4. To obtain the extension of T̄ to T (θ)we follow Waldron
(2013). We use death rates from Chart 1 in Waldron (2013) and apply a standard lifetable
calculation. In particular, to extend the death rates beyond the reported age of 71, we
calibrate the growth rate in death rate to match the average life expectancy of the cohort
to that reported in Bell and Miller (2005) for the 1940 birth year cohort males, given they
survived to age 60. The growth rate is calibrated to be 0.37 to match the average cohort
life expectancy of 81.6. As a secondary check, we compare the implication for the differ-
ence in life expectancy between the lower and the upper halves of the income distribution
to those given in Chart 3 in Waldron (2013). For easier comparison earlier in Figure 1 the
dot-dashed line plots the average life expectancy for each lifetime earnings decile.

Figure 8 plots the resulting efficient retirement ages when life span is heterogeneous
(thick dashed line in Panel A) together with the baseline efficient retirement with homo-
geneous life spans (thick solid line in Panel A). For reference, life expectancy as a function
of lifetime earnings is compared with the baseline T̄ in Panel A as well (thin dashed and
solid lines respectively). As the analysis in Section 3 suggested, the differences between
the efficient retirement ages in the two cases are virtually negligible with the only excep-
tion in the top decile of lifetime earnings, who still have to be undistorted but now have
a longer life-cycle. This implies that the heterogeneity in life span by itself does not pro-
duce large income effects. This however does not mean that the structure of the pension

29One such aspect of heterogeneous life spans is mortality risk, which adds demand for insurance and
makes annuities important. See, e.g., Hosseini and Shourideh (2016), who study the effects of differential
mortality on optimal taxes while abstracting from the retirement decision.
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Figure 8: The effects of heterogeneity in the life span on efficient retirement ages (Panel A) and
on optimal pension design (Panel B).

benefits has to stay exactly the same. In fact, the heterogeneity in life span mostly affects
the structure of pension benefits and not that of earnings. The quantitative differences in
the retirement wedges are still small and hence Panel B illustrates this point with mar-
ginal pension benefits. The heterogeneity in life span results in a somewhat flatter profile
of marginal pension benefits (dashed vs. solid lines in Panel B), closely resembling to the
effects of higher intensive elasticity analyzed above in Figure 7.

Intergenerational transfers. A potential limitation is the assumption that the present
value of earnings is equal to the present value of consumption for the cohort, assuming
away inter-generational transfers through the pension system. An existing pay-as-you-go
Social Security system, however, may tend to decrease the present value of consumption
relative to that of earnings depending on the replacement rates for a particular generation.
Our baseline assumption is not obviously innocuous because intergenerational transfers
can affect the labor supply decisions about both the hours worked and the retirement age
through income effects.

To explore the effects of this argument on our quantitative findings, we next allow for
the variations in the difference between the present values of consumption and earnings.
Specifically, we modify the calibration of parameter λ in the tax function we described
above so that this difference is 10 percent (i.e., net transferring) and also �10 percent (i.e.,
net receiving) of the present value of earnings. Figure 9 illustrates the resulting changes
to the efficient retirement ages in Panel A and to the optimal retirement wedges in Panel B
to summarize the optimal pension system. Expectedly, as the cohort becomes richer in the
sense of receiving intergenerational transfers, income effects drive earlier retirement ages.
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Figure 9: The effects of intergenerational tranfers on efficient retirement ages (Panel A) and on
optimal pension design (Panel B).

On the other hand, as the cohort transfers part of its earnings the income effects require a
steeper retirement age profile. However, these changes do not overturn the overarching
insights above about the retirement age profiles. The policy implications are once again
similar, with the only noticeable differences in the retirement wedge at the very top of
the distribution where it is still optimal to provide incentives to work throughout the
life-cycle.

Effects of age-varying fixed costs. To quantify the effects of the fixed costs varying
with age, we compare the constrained optima using the two alternative calibrations of
fixed costs discussed in the previous section. The results are illustrated in Figure 10. Panel
A plots the resulting efficient retirement ages with age-varying fixed costs (dashed line)
compared with efficient retirement with fixed costs that do not change around the time
of retirement (solid line). Similarly, Panel B compares the optimal retirement wedges.
To provide a common point of reference, the dot-dashed lines plot the retirement ages
observed in the U.S. data (Panel A) and the retirement wedges implied by the data (Panel
B). The general insight that more productive individuals retire later than in the U.S. data
does not depend on the fixed costs varying with age. Similarly, unlike in the status quo
the efficient retirement ages increase over almost all of the lifetime earnings distribution
with or without the fixed costs varying with age. While tight identification of fixed costs
away from observed retirement behavior is challenging as we discussed in the previous
section, this suggests that general insights are quite robust to age-variations.

As our analysis in Section 3 explains, there are two competing effects: a mechanical ef-
fect of varying costs and an information effect from altered incentives. Start at the bottom
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Figure 10: The effects of varying fixed costs with age on efficient retirement ages (Panel A) and
on optimal pension design (Panel B).

of the lifetime earnings distribution where there are no information effects. Compared
with stable fixed costs, age-variation lowers costs at the bottom of the distribution since
the efficient retirement ages are below the ones observed in the data (the fixed costs in the
two cases are the same at the observed retirement ages). Thus mechanically it becomes
efficient for the workers at the bottom of the earnings distribution to retire later than if
the costs were not varying (the dashed line is above the solid line at the bottom of the
distribution in Panel A).

This later efficient retirement weakens the incentives of higher-earnings workers to
misreport their types, lowering their information rents. Once a worker is high enough in
the distribution, however, age-variation increases fixed costs compared with stable fixed
costs since the efficient retirement ages are above the ones observed in the data. That cre-
ates a trade-off between higher fixed costs and lower information rents: on the one hand,
higher fixed costs mechanically require earlier retirement; on the other hand, later retire-
ment lower along the distribution lowers information rents, requiring later retirement.
The fact that the dashed line is above the solid line in Panel A in Figure 10 everywhere
except at the very top shows that the mechanical cost-variation effects are dominated by
the information effects. Consequently retirement ages go up for all but the very top of the
distribution.

Panel B illustrates this mechanism from the point of view of the optimal pension sys-
tem. As a result of the above, there is no need for the optimal system to distort retire-
ment age decisions as much and consequently with age-varying fixed costs the retirement
wedges are even lower, and everywhere lower than the ones implied by the status quo.
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Figure 11: The effects of higher redistribution on efficient retirement ages (Panel A) and on opti-
mal pension design (Panel B).

Alternative notions of social welfare. To explore the sensitivity of quantitative find-
ings with respect to changing redistributive motives, we set the cumulative social welfare
function G (θ) = F (θ)ρ where ρ � 0. The case of ρ = 1 corresponds to the Utilitarian
welfare function analyzed in the baseline case above. The cases of 0 � ρ < 1 are more
redistributive in the usual sense with the extreme of ρ = 0 corresponding to the Rawlsian
criterion. The cases of ρ > 1 are the opposite extremes of redistributing away from the
bottom of the distribution.

Figures 11 and 12 illustrate the effects on retirement ages in Panels A and on the re-
tirement wedges in Panels B. As ρ decreases toward 0, the planner tends to allocate more
utility to the left tail of the distribution; in particular, as ρ approaches 0, the left tail of the
distribution has to work throughout their life. Intuitively, late retirement prevents more-
productive individuals from pretending to be less productive and decreasing hours while
they work, which explains the necessity of large negative wedges in the left tail shown
in Panel B of Figure 11. As ρ increases above 1, the level of redistribution toward the left
tail declines, producing income effects leading the bottom deciles to retire later; the same
redistributive mechanism as above now leads the higher deciles to lower their retirement
age except at the very top of the distribution, which has to remain undistorted.

6 Conclusions

We studied the trade-offs between efficiency and incentive costs of social insurance and
redistribution when retirement decisions are endogenous. Our equivalence result pro-
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Figure 12: The effects of less redistribution on efficient retirement ages (Panel A) and on optimal
pension design (Panel B).

vides a straightforward characterization of the key forces behind constrained optima and,
in particular, behind constrained-efficient retirement ages. We showed that pension sys-
tems that reward later retirement are optimal independent of increasing or decreasing
patterns of retirement ages. We also showed that providing correct individualized work
and retirement incentives can result not only in significant aggregate welfare gains but
also in aggregate output gains. We focused on permanent shocks following the findings
that most of the welfare gains come not from redistribution with temporary shocks but
from the provision of insurance against permanent shocks (see, e.g., Huggett and Parra
(2010)). It suggests that while including temporary shocks may adjust quantitative differ-
ences between the status quo and the optimum, the qualitative changes that we charac-
terized here would remain.30
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Online Appendix - Not For Publication

This online Appendix contains three sections: section A provides proofs omitted
in the main text; section B shows the results in the general setup with risk aversion,
discounting, heterogeneous life span, and overlapping generations; section C provides
further details of the quantitative analysis and robustness checks.

A Proofs for Section 3

We suppress explicit dependence on θ throughout the appendix whenever it does not
inhibit clarity.

A.1 Existence of retirement age

We first show that there must exist a retirement age if in the constrained optimum the
Lagrange multiplier associated with incentive constraints (8) is non-negative. This can
be interpreted as constraints (3) binding only downward, which is guaranteed by social
welfare being redistributive from individuals with higher productivity toward those with
lower productivity, i.e., G(θ) � F(θ).

Proposition 5 Suppose that in the constrained-efficient allocation the Lagrange multiplier on (8)
is non-negative, i.e., (3) is binding only for θ̂ � θ. Then there exists age R(θ) such that individuals
of type θ prefer to work if and only if t < R (θ).

Proof.
Suppose that for an individual of type θ there exists an interval [t1, t2] such that for

values of t in this interval y(t, θ) = 0 and another interval [t2, t3] such that y(t, θ) > 0. We
show that any such allocation can be improved upon.

Consider a perturbation of the allocation for which ỹ(t, θ) > 0 for t 2 [t1, t1 + ε] and
ỹ(t, θ) = 0 for t 2 [t2, t2 + ε]. Furthermore, suppose that 8t 2 [t1, t1 + ε], ỹ(t, θ) =

ξy(t+ t2 � t1, θ) where ξ is such that

Z t1+ε

t1

�
ỹ(t, θ)

ϕ(t, θ)

�1+1/ε

dt =
Z t2+ε

t2

�
y(t, θ)

ϕ(t, θ)

�1+1/ε

dt

Note that this perturbation keeps the length of working life and the disutility of leisure
unchanged. However, since any nonworking must occur after t�(θ) and as a result ϕ(t1, θ) >

i



ϕ(t2, θ), the total output from type θ must increase. Therefore, if the allocations remain
incentive compatible, such perturbation improves welfare.

In order to show incentive compatibility of the perturbed allocation, it is sufficient to
show that

Z t1+ε

t1

�
ỹ(t, θ)

ϕ(t, θ0)

�1+1/ε

dt >
Z t2+ε

t2

�
y(t, θ)

ϕ(t, θ0)

�1+1/ε

dt, 8θ0 > θ (16)

This implies that the value of reporting θ for all types θ0 > θ goes down in response to this
perturbation and completes the argument since by assumption only downward incentive
constraints bind.

To show (16), note that from Assumption 1 we have that

ϕ(t0, θ)

ϕ(t, θ)
<

ϕ(t0, θ0)

ϕ(t, θ0)
, θ0 > θ, t0 > t

This inequality implies that

�
ϕ(t0, θ)

ϕ(t0, θ0)

�1+1/ε

<

 
ϕ(t, θ)

ϕ
�
t, θ0
�!1+1/ε

, θ0 > θ, t0 > t

Hence, multiplying the integrands in (16) by
�

ϕ(t,θ0)
ϕ(t,θ)

�1+1/ε
, makes the left-hand side

larger, i.e., we must have that

Z t1+ε

t1

�
ỹ(t, θ)

ϕ(t, θ)

�1+1/ε
 

ϕ(t, θ)

ϕ
�
t, θ0
�!1+1/ε

dt >
Z t2+ε

t2

�
y(t, θ)

ϕ(t, θ)

�1+1/ε
 

ϕ(t, θ)

ϕ
�
t, θ0
�!1+1/ε

dt

This inequality implies (16) and concludes the proof. �

A.2 Proof of Proposition 1

First note that when ϕ̃ (t, θ) is the productivity profile and η̃ (θ) is the fixed cost of work-
ing, optimal hours worked and the retirement decision under public information are
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given by

ψ
y (t, θ)1/ε

ϕ̃ (t, θ)1+1/ε
= 1 (17)

y (R (θ) , θ) = ψ
y (R (θ) , θ)1+1/ε

(1+ 1/ε) ϕ̃ (R (θ) , θ)1+1/ε
+ η̃ (θ) (18)

The planning problem with private information is to maximize
R

U(θ)dG(θ) subject to

U(θ) = c(θ)T̄ �
Z R(θ)

0
v(l(t, θ))dt� (R(θ)� t�(θ))η(θ),

as well as (8) and (2). Suppressing θ, the first-order conditions are given by

g� α� µ0 = 0 (19)

α� λ f = 0 (20)

8t � R,�ψ
y (t)1/ε

ϕ (t)1+1/ε
α+ λ f � µψ (1+ 1/ε)

y (t)1/ε

ϕ (t)1+1/ε

ϕθ (t)
ϕ (t)

= 0 (21)

�
"

ψ

(1+ 1/ε)

y (R)1+1/ε

ϕ (R)1+1/ε
+ η

#
α+ y (R) λ f �

"
ψ

ϕθ (R)
ϕ (R)

y (R)1+1/ε

ϕ (R)1+1/ε
� η0

#
µ = 0 (22)

µ (θ) = µ
�
θ̄
�
= 0,

where α (θ) is the multiplier on the U(θ) constraint, λ is the multiplier on feasibility (2),
and µ (θ) is the multiplier on incentive constraints (8). Integrating over equation (19) and
using the boundary conditions we have

Z θ̄

θ
g (θ) dθ � λ

Z θ̄

θ
f (θ) dθ = 0,

and hence λ = 1 since G
�
θ̄
�
= F

�
θ̄
�
= 1. Moreover, we also have

µ (θ) =
Z θ

θ

�
g
�
θ0
�
� f

�
θ0
��

dθ0

= G (θ)� F (θ)

iii



and we can rewrite equation (21) as

ψ
y (t)1/ε

ϕ (t)1+1/ε

�
1+ (1+ 1/ε)

G (θ)� F (θ)
f (θ)

ϕθ (t)
ϕ

�
= 1,

while (22) becomes

y (R) =

"
ψ

ϕθ (R)
ϕ (R)

y (R)1+1/ε

ϕ (R)1+1/ε
� η0

#
G (θ)� F (θ)

f (θ)
+

"
ψ

(1+ 1/ε)

y (R)1+1/ε

ϕ (R)1+1/ε
+ η

#

= ψ
y (R)1+1/ε

(1+ 1/ε) ϕ (R)1+1/ε

�
1+ (1+ 1/ε)

G (θ)� F (θ)
f (θ)

ϕθ (R)
ϕ (R)

�
+η � η0

G (θ)� F (θ)
f (θ)

.

Defining modified productivities and fixed costs

ϕ̃ (t, θ) = ϕ (t, θ)

�
1+ (1+ 1/ε)

G (θ)� F (θ)
f (θ)

ϕθ (t, θ)

ϕ (t, θ)

�� ε
1+ε

η̃ (θ) = η (θ)

�
1� G (θ)� F (θ)

f (θ)
η0 (θ)
η (θ)

�
,

it can be easily seen that (17) and (18) are satisfied for these productivity profiles and fixed
costs, establishing the claim. �

A.3 Proof of Proposition 2

The first-order conditions associated with the mechanism design problem are given by
(19)-(22) and the boundary conditions. Note that integrating over equations (19) and (20)
and using the boundary conditions µ (θ) = µ

�
θ̄
�
= 0 implies that λ = 1.

We can then write the third condition (21) as

ψ
y (t)1/ε

ϕ (t)1+1/ε

�
1+ (1+ 1/ε)

G (θ)� F (θ)
f (θ)

ϕθ

ϕ

�
= 1 ! y (t) = ψ�ε ϕ̃ (t, θ)1+ε

Replacing the above in (22), we have

ϕ̃ (R (θ) , θ)1+ε = η̃ (θ) (1+ ε)ψε

This proves the claim. �
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A.4 Proof of Proposition 3

It is sufficient to show equation (11) in the proposition since the rest of the argument is
given in the main text. Note that the definitions of wedges (5) and (6) imply

τR (θ) y (R (θ) , θ) = y (R (θ) , θ)�
"

ψ

1+ 1/ε

y (R (θ) , θ)1+1/ε

ϕ (R (θ) , θ)1+1/ε
+ η (θ)

#

τy (R (θ) , θ) y (R (θ) , θ) = y (R (θ) , θ)� ψ
y (R (θ) , θ)1+1/ε

ϕ (R (θ) , θ)1+1/ε
,

and hence, using (21) and (22) we arrive at

τR (θ) y (R (θ) , θ)� 1
1+ 1/ε

τy (R (θ) , θ) y (R (θ) , θ)

= (1+ ε) y (R (θ) , θ)� η (θ)

= �G (θ)� F (θ)
f (θ)

η0 (θ) ,

where the last equality follows from (17) and (18). �

A.5 Proof of Lemma 1

Since y (t, θ) is increasing and continuous in θ, then the range of y (t, �) : Θ 7! R is an
interval,

h
y (t) , ȳ (t)

i
. The envelope condition associated with the maximization in (13) is

given by

v0 (θ) = ψ
ϕθ (t, θ)

ϕ (t, θ)

y (t, θ)1+1/ε

ϕ (t, θ)1+1/ε
,

where v (θ) = y (t, θ)� T (t, y (t, θ))� ψ
1+1/ε

y(t,θ̂)
1+1/ε

ϕ(t,θ)1+1/ε . Hence, we must have

v (θ) = v+
Z θ

θ(t)
ψ

ϕθ

�
t, θ̂
�

ϕ
�
t, θ̂
� y

�
t, θ̂
�1+1/ε

ϕ
�
t, θ̂
�1+1/ε

dθ̂,

where θ (t) is the lowest type that works at age t. As a result

y (t, θ)� T (t, y (t, θ))� ψ

1+ 1/ε

y
�
t, θ̂
�1+1/ε

ϕ (t, θ)1+1/ε
= v+

Z θ

θ(t)
ψ

ϕθ

�
t, θ̂
�

ϕ
�
t, θ̂
� y

�
t, θ̂
�1+1/ε

ϕ
�
t, θ̂
�1+1/ε

dθ̂
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This equation uniquely defines T (t, �) up to a constant. Furthermore, since y (t, θ) is
increasing in θ, standard mechanism design arguments establish that for any such T ,
equation (13) is indeed satisfied (see, e.g., Fudenberg and Tirole (1991)). �

A.6 Proof of Lemma 2

Given the tax schedule and benefit formula, a household of type θ’s optimization problem
is given by

maxR(θ),y(t)
R R(θ)

0 [y (t, θ)� T (t, y (t, θ))] dt+ b (R)

�
R R(θ)

0

�
ψ

1+1/ε
y(t,θ)1+1/ε

ϕ(t,θ)1+1/ε

�
dt� η (θ) (R(θ)� t�(θ))

(23)

We refer to the solution for (23) as ỹ (t, θ) and R̃ (θ). Our goal is to show that ỹ (t, θ) =

y (t, θ) and R̃ (θ) = R (θ). We start by showing the following lemma:

Lemma 3 If ỹ (t, θ) � 0, then ỹ (t, θ) = y (t, θ).

Proof. The proof simply follows from the definition of T . Since θ = arg maxθ̂ y
�
t, θ̂
�
�

T
�
t, y
�
t, θ̂
��
� v

�
y(t,θ̂)
ϕ(t,θ)

�
, it is optimal for an individual of type θ to choose y (t, θ) at age

t. �
Using the above lemma, we can show the following:

Lemma 4 Choosing fy (t, θ)gt�R(θ) , R (θ) for an agent of type θ is a local optimum for an indi-
vidual of type θ in (23).

Proof. Suppose on the contrary that the individual chooses R
�
θ̂
�
6= R (θ), then given

the definition of b, the utility for the household is given by

Z R(θ̂)

0
[y (t, θ)� T (t, y (t, θ))] dt�

Z R(θ̂)

0

"
ψ

1+ 1/ε

y (t, θ)1+1/ε

ϕ (t, θ)1+1/ε

#
dt� η (θ) (R(θ)� t�(θ))

+c
�
θ̂
�

T̄ �
Z R(θ̂)

0

�
y
�
t, θ̂
�
� T

�
t, y
�
t, θ̂
���

dt (24)
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Taking a derivative with respect to θ̂, we have"
y
�

R
�
θ̂
�

, θ
�
� T

�
R
�
θ̂
�

, y
�

R
�
θ̂
�

, θ
��
� ψ

1+ 1/ε

y
�

R
�
θ̂
�

, θ
�1+1/ε

ϕ
�

R
�
θ̂
�

, θ
�1+1/ε

� η (θ)

#
R0
�
θ̂
�

+c0
�
θ̂
�

T̄ �
�
y
�

R
�
θ̂
�

, θ̂
�
� T

�
R
�
θ̂
�

, y
�

R
�
θ̂
�

, θ̂
���

R0
�
θ̂
�

�
Z R(θ̂)

0

∂

∂θ
y
�
t, θ̂
� �

1� ∂

∂y
T
�
t, y
�
t, θ̂
���

dt

Evaluating the above expression when θ̂ = θ,

c0 (θ) T̄�
"

ψ

1+ 1/ε

y (R (θ) , θ)1+1/ε

ϕ (R (θ) , θ)1+1/ε
+ η (θ)

#
R0 (θ)�

Z R(θ)

0

∂

∂θ
y (t, θ)

�
1� ∂

∂y
T (t, y (t, θ))

�
dt,

and by static incentive compatibility (13) the above expression becomes

c0 (θ) T̄ �
"

ψ

1+ 1/ε

y (R (θ) , θ)1+1/ε

ϕ (R (θ) , θ)1+1/ε
+ η (θ)

#
R0 (θ)�

Z R(θ)

0
ψ

y (t, θ)1/ε

ϕ (t, θ)1+1/ε

∂

∂θ
y (t, θ) dt,

which is zero by incentive compatibility of the original allocation. This implies that θ̂ = θ

is a local optimum point of the function (24), and hence R = R
�
θ̂
�

is a local optimum of
(23). �

Together the above lemmas establish the claim in Lemma 2. �

B Proofs for the general setup of Section 2

We extend here the qualitative results in the main text to the general setup with risk
aversion and discounting.

B.1 Equivalence

We start by showing that the equivalence result generalizes in an intuitive way and then
show that the sufficient-statistic-type expressions remain unchanged.

The first-order conditions (19)-(22) associated with the mechanism design problem
now become

g� α� µ0 = 0 (25)

αu0(c)� λ f = 0 (26)
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8t � R, � ψ
y (t)1/ε

ϕ (t)1+1/ε
α+ λ f � µψ (1+ 1/ε)

y (t)1/ε

ϕ (t)1+1/ε

ϕθ (t)
ϕ (t)

= 0 (27)

�
"

ψ

1+ 1/ε

y (R)1+1/ε

ϕ (R)1+1/ε
+ η

#
α+ y (R) λ f �

"
ψ

ϕθ (R)
ϕ (R)

y (R)1+1/ε

ϕ (R)1+1/ε
� η0

#
µ = 0 (28)

µ (θ) = µ
�
θ̄
�
= 0

Note that the previous arguments for treating consumption levels as constant over
time are unaffected. Thus the first two equations (25) and (26) combined with the bound-
ary conditions give

µ(θ) =
Z θ

θ

�
g(θ0)� λ f (θ0)

u0(c(θ0))

�
dθ0

Recall that λ is the marginal value of public funds for the planner. Following Saez
(2001) and Saez and Stantcheva (2016), let us denote ḡ (θ) the ratio of the marginal value
of public funds for the planner to utilitarian marginal welfare from per-capita consump-
tion of θ-type individuals, i.e., ḡ (θ) = λ f (θ)

u0(c(θ)) . In other words, a utilitarian planner is
indifferent between ḡ (θ) more public funds and a marginal decrease in θ-type consump-
tion. The larger ḡ (θ), the less a utilitarian planner values consumption by θ-types and
therefore ḡ (θ) is a parameter reflecting exogenous motive to redistribute from θ. The
same motive for all types up to θ is then Ḡ (θ) =

R θ
θ

λ f (θ0)
u0(c(θ0))dθ0. Thus

µ(θ) = G (θ)� Ḡ (θ) .

We can then re-write equation (27) as

ψy (t)1/ε

ϕ (t)1+1/ε

�
1+

�
1+

1
ε

�
G (θ)� Ḡ (θ)

ḡ (θ)
ϕθ (t)

ϕ

�
ḡ(θ)

λ f (θ)
= 1,

and (28) becomes

y (R) =
ψy (R)1+1/ε

(1+ 1/ε) ϕ (R)1+1/ε

�
1+

�
1+

1
ε

�
G (θ)� Ḡ (θ)

ḡ (θ)
ϕθ (R)
ϕ (R)

�
ḡ(θ)

λ f (θ)

+

�
η � η0

G (θ)� Ḡ (θ)
ḡ (θ)

�
ḡ(θ)

λ f (θ)
.

Then the equivalence result in the general environment follows if the virtual produc-
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tivities and fixed costs are given by

ϕ̃ (t, θ) = ϕ(t, θ)

��
1+

�
1+

1
ε

�
G (θ)� Ḡ (θ)

ḡ (θ)
ϕθ (t, θ)

ϕ (t, θ)

�
ḡ(θ)

λ f (θ)

�� ε
1+ε

,

η̃ (θ) = η (θ)

��
1� G (θ)� Ḡ (θ)

ḡ (θ)
η0 (θ)
η (θ)

�
ḡ(θ)

λ f (θ)

�
.

That is, to maintain the full information optimality (17) and (18) the modification of pro-
ductivities and fixed costs must be given by the above.

Intuitively, these are analogous modifications to the ones we derived in the main text
for the quasi-linear example with the exception of what is being used as a benchmark
of utilitarian redistribution. With risk aversion it is no longer enough to simply compare
redistributive motives, G, against the distribution of types, F, as was the case in the quasi-
linear example. Since risk aversion introduces curvature into the utility of consumption,
even a utilitarian benchmark would take that into account trading it off against funds
available to the rest of the population. This is precisely what Ḡ captures.

On the other hand, if curvature is removed the planner is able to transform public
funds one for one into the utility of consumption of a given type, making Ḡ equal to F
and making the virtual types above identical to the ones derived in the main text.

Finally, using these definitions of virtual types we can re-write (28) as

ϕ̃(R(θ), θ)1+ε = η̃(θ) (1+ ε)ψε

Thus, the sufficient statistic expression is unchanged and as in the main text the constrained-

efficient retirement age is increasing if and only if ∂
∂θ

ϕ̃(t,θ)1+ε

η̃(θ)

����
t=R(θ)

� 0.

B.2 Retirement incentives vs. hours incentives

Note first that an implication of the first-order conditions (25) and (26) combined with the
boundary conditions can be re-written as

µ (θ) =
Z θ̄

θ

"
λ f
�
θ0
�

u0
�
c
�
θ0
�� � g

�
θ0
�#

dθ0

Multiplying the third equation (27) for t = R (θ) by y(R)
1+1/ε and subtracting from (28) we

have
�ηα+ (1+ ε) y (R) λ f + η0µ = 0

ix



Hence,

(1+ ε) y (R) =
η

u0 (c (θ))
� η0

µ

λ f

=
η

u0 (c (θ))
� η0

1� F (θ)
f (θ)

Z θ̄

θ

"
1

u0
�
c
�
θ0
�� � g

�
θ0
�

λ f
�
θ0
�# dF

�
θ0
�

1� F (θ)
(29)

Note that the wedges are given by

τR (θ) y (R (θ) , θ) = y (R (θ) , θ)� 1
u0 (c (θ))

"
ψ

1+ 1/ε

y (R (θ) , θ)1+1/ε

ϕ (R (θ) , θ)1+1/ε
+ η (θ)

#

τy (R (θ) , θ) y (R (θ) , θ) = y (R (θ) , θ)� 1
u0 (c (θ))

ψ
y (R (θ) , θ)1+1/ε

ϕ (R (θ) , θ)1+1/ε

and hence

τR (θ) y (R (θ) , θ)� 1
1+ 1/ε

τy (R (θ) , θ) y (R (θ) , θ)

= (1+ ε) y (R (θ) , θ)� η (θ)

u0 (c (θ))

= �η0
1� F (θ)

f (θ)

Z θ̄

θ

"
1

u0
�
c
�
θ0
�� � g

�
θ0
�

λ f
�
θ0
�# dF

�
θ0
�

1� F (θ)
,

where the last equality follows from (29). �

B.3 Implementation

Here we construct tax and pension benefit policies to implement an incentive-compatible
allocation in our general model. Our goal is to construct an age-dependent tax func-
tion, T (t, y), as well as a benefit function given by present value b (R, Y), where Y is
a measure of life-time earnings. Throughout this section we keep the assumption that
v (l) = ψl1+1/ε/ (1+ 1/ε). We make the following assumptions about the implemented
allocation:

Assumption 2 The function y (t, �) : Θ 7�! R is increasing in θ.

This assumption implies that a tax function that only depends on income at age t is
well defined. Note that in this implementation each individual is solving the following
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optimization problem:

max
y(t),R,c

Z T̄

0
e�ρtu (c) dt�

Z R

0
e�ρt [v (y (t) /ϕ (t, θ)) + η (t, θ)] dt

subject to

Z T̄

0
e�ρtcdt =

Z R

0
e�ρt [y (t)� T (t, y (t))] dt+ e�ρRb

�
R,

1
R

Z R

0
y (t) dt

�
As in the main text, we start by constructing the tax function. For any tax function,
T (t, y), we consider the following auxiliary optimization problem:

V (b, R, Y; θ, T ) = max
fỹ(t)gt2[0,R],c

Z T̄

0
e�ρtu (c) dt�

Z R

0
e�ρt [v (ỹ (t) /ϕ (t, θ)) + η (t, θ)] dt

(30)
subject to

Z T̄

0
e�ρtcdt =

Z T̄

0
e�ρt [ỹ (t)� T (t, ỹ (t))] dt+ e�ρRb

Y =
1
R

Z T̄

0
ỹ (t) dt (31)

We say a tax function, T (t, y), partially implements the allocation c (θ) , fy (t, θ)gt2[0,R(θ)] , R (θ),
if fy (t, θ)gt2[0,R(θ)] is the solution to (30) when R = R (θ),

b = eρR(θ)
�Z T̄

0
e�ρtc (θ) dt�

Z R(θ)

0
e�ρt [y (t, θ)� T (t, y (t, θ))] dt

�
,

and Y = Y (θ) = 1
R(θ)

R R(θ)
0 y (t, θ) dt. The following lemma establishes that such a tax

function exists.

Lemma 5 Consider the constrained-efficient allocation with extended earningsn
c (θ) , fy (t, θ)gt2[0,1] , R (θ)

o
θ2Θ

. Then

1. There exists a tax function T (t, y) so that fy (t, θ)gt2[0,R(θ)] is a local optimum in (30)

for R = R (θ), b = eρR(θ)
hR T̄

0 e�ρtc (θ) dt�
R R(θ)

0 e�ρt [y (t, θ)� T (t, y (t, θ))] dt
i
, and

Y = Y (θ) = 1
R(θ)

R R(θ)
0 y (t, θ) dt.

2. Suppose that for all t, τy (t, θ) < 1 and that y(t,θ)1+
1
ε

1�τy(t,θ)
and y (t, θ) move together. That is,
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y (t, θ) > y
�
t, θ0
�

if and only if y(t,θ)1+
1
ε

1�τy(t,θ)
>

y(t,θ0)
1+ 1

ε

1�τy(t,θ0)
. Then there exists a tax function that

partially implements the allocation c (θ) , fy (t, θ)gt2[0,R(θ)] , R (θ).

Proof. 1. We prove the first part by constructing one such tax function. Let τy (t, θ) be the
labor wedge faced by individual θ at age t. We define the tax function T as follows:

T (t, y) = T (t) +
Z minfy,ȳ(t)g

y(t)
τy
�
t, θ̂ (y, t)

�
dy (32)

+ (y�min fy, ȳ (t)g) , 8y 2
h
y (t) , ∞

�
T (t, y) = T (t) , 8y 2

h
0, y (t)

�
,

where y (t) = minθ2Θ y (t, θ), ȳ (t) = maxθ2Θ y (t, θ), and y
�
t, θ̂ (t, y)

�
= y. Note that

the function θ̂ (t, y) is well-defined since y (t, θ) is a one-to-one function of θ. In addition,
T (t) is an arbitrary function of age. The intercept of the tax function T (t) is an arbitrary
continuous function. Note that (32) implies that the marginal tax rate is 1 for values of
y above ȳ (t). Given our construction, it is clear that fy (t, θ)gt2[0,R(θ)] satisfies the first-
order conditions associated with (30) when the last constraint is slack – since marginal tax
rate evaluated at y (t, θ) is equal to the labor wedge.

2. To prove the second claim, we conjecture that the constraint (31) is slack. Then any
solution to (30) must satisfy the following local optimality condition:

u0 (c)
�
1� Ty (t, ỹ (t))

�
= ψ

ỹ (t)1/ε

ϕ (t, θ)1+1/ε

We can rewrite this equation as

�
1� Ty (t, ỹ (t))

�
ỹ (t)�1/ε = ψ

u0 (c)

ϕ (t, θ)1+1/ε

By the assumption stated above, the left-hand side of the above equation is decreasing in
ỹ (t). Now suppose that c > c (θ), then u0 (c) < u0 (c (θ)) and hence ỹ (t) < y (t, θ). Since
marginal tax rates are less than 1,

Z R(θ)

0
e�ρt [ỹ (t)� T (t, ỹ (t))] dt �

Z R(θ)

0
e�ρt [y (t, θ)� T (t, y (t, θ))] dt,

which implies that the budget constraint cannot hold. A similar argument implies that
c < c (θ) cannot hold, and hence the unique solution to a relaxed version of (30) is
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fy (t, θ)gt2[0,R(θ)], c (θ) which satisfies (31). This establishes the claim.
The properties assumed above are satisfied in all of our numerical simulations. Note

also that there are potentially many tax functions that partially implement the constrained-
efficient allocations. Our construction of benefits below works for all tax functions that
partially implement the constrained-efficient allocations.

Consider a tax function T (t, y) that partially implements the constrained-efficient al-
locations and its associated pension benefits defined by

b̂ (θ) = eρR(θ)
�Z T̄

0
e�ρtc (θ) dt�

Z R(θ)

0
e�ρt [y (t, θ)� T (t, y (t, θ))] dt

�
Our goal is to find a function b (R, Y) such that b (R (θ) , Y (θ)) = b̂ (θ) and

V (b (R, Y) , R, Y; θ, T ) � V (b (θ) , R (θ) , Y (θ) ; θ, T )

This would imply that an individual of type θ finds it optimal to choose R (θ) and Y (θ).
Lemma 5 then implies that having chosen R (θ) and Y (θ), the optimal choice for earn-
ings and consumption is the constrained-efficient allocation. The following proposition
establishes that function b (�, �) exists.

Proposition 6 Suppose that Θ is a compact set. There exists a function b (�, �) such that
b (R (θ) , Y (θ)) = b̂ (θ) and V (b (R, Y) , R, Y; θ, T ) � V (b (θ) , R (θ) , Y (θ) ; θ, T ).

Proof. Our proof of this proposition is in two steps. First, we show that

θ 2 arg max
θ0
V
�
b
�
θ0
�

, R
�
θ0
�

, Y
�
θ0
�

; θ, T
�

(33)

We show this by first showing that θ0 = θ is the local optimum in the above optimiza-
tion. To see this, we take a derivative of the above function and apply envelope condition
to get

∂

∂θ0
V
�
b
�
θ0
�

, R
�
θ0
�

, Y
�
θ0
�

; θ, T
���

θ0=θ
=

Vbb0 (θ) + VRR0 (θ) + VYY0 (θ) =
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e�ρR(θ)u0 (c (θ)) b0 (θ)

+

�
�e�ρR(θ)

�
v
�

y (t, θ)

ϕ (t, θ)

�
+ η (θ)

�
+u0 (c (θ))

h
e�ρR(θ) (y (R (θ) , θ)� T (R (θ) , y (R (θ) , θ)))� ρe�ρR(θ)b (θ)

i
+µ

"
1

R (θ)2

Z R(θ)

0
y (t, θ) dt� 1

R (θ)
y (R (θ) , θ)

#)
R0 (θ)� µY0 (θ) =

e�ρR(θ)u0 (c (θ))

2664 ρR0 (θ) b (θ) + eρR(θ)
R T̄

0 e�ρtc0 (θ) dt

�eρR(θ)
R R(θ)

0 e�ρt �1� Ty (t, y (t, θ))
�

yθ (t, θ) dt
� [y (R (θ) , θ)� T (R (θ) , y (R (θ) , θ))] R0 (θ)

3775
+

�
�e�ρR(θ)

�
v
�

y (t, θ)

ϕ (t, θ)

�
+ η (θ)

�
+u0 (c (θ))

h
e�ρR(θ) (y (R (θ) , θ)� T (R (θ) , y (R (θ) , θ)))� ρe�ρR(θ)b (θ)

i
+µ

"
1

R (θ)2

Z R(θ)

0
y (t, θ) dt� 1

R (θ)
y (R (θ) , θ)

#)
R0 (θ)

� µ

("
1

R (θ)2

Z R(θ)

0
y (t, θ) dt� 1

R (θ)
y (R (θ) , θ)

#
R0 (θ) +

1
R (θ)

Z R(θ)

0
yθ (t, θ) dt

)
=

Z T̄

0
e�ρtu0 (c (θ)) c0 (θ) dt� e�ρR(θ)

�
v
�

y (t, θ)

ϕ (t, θ)

�
+ η (θ)

�
R0 (θ)

�
Z R(θ)

0
yθ (t, θ)

�
e�ρtu0 (c (θ))

�
1� Ty (t, y (t, θ))

�
+ µ

1
R (θ)

�
dt =

Z T̄

0
e�ρtu0 (c (θ)) c0 (θ) dt� e�ρR(θ)

�
v
�

y (t, θ)

ϕ (t, θ)

�
+ η (θ)

�
R0 (θ)

�
Z R(θ)

0
e�ρt yθ (t, θ)

ϕ (t, θ)
v0
�

y (t, θ)

ϕ (t, θ)

�
dt,

where µ is the Lagrange multiplier on (31) and the last equality follows from the first-
order conditions in (30). Note that the final expression above is the same as the local
incentive compatibility of the constrained-efficient allocation and hence zero. Therefore,
θ0 = θ is the local optimum of the optimization problem (33). Extensive tedious algebra
available upon request shows that under certain conditions θ0 = θ is also a maximum in
(33).
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Now, we can construct the function b (�, �). For each value of (R, Y), let b̃ (θ) be defined
by V

�
b̃ (θ) , R, Y; θ, T

�
= V (b (θ) , R (θ) , Y (θ) ; θ, T ). Then, we let b (R, Y) = minθ b̃ (θ).

Since V (b, R, Y; θ, T ) is increasing in b, we must have

V (b (R, Y) , R, Y; θ, T ) � V
�
b̃ (θ) , R, Y; θ, T

�
= V (b (θ) , R (θ) , Y (θ) ; θ, T )

Note that by Assumption 2, since Y (θ) is strictly increasing in θ, b (�, �) is well-defined.
This completes the proof.

B.4 Heterogeneous life span

The formal statement of the mechanism design problem discussed in Section 5.4 is given
by the following problem:

max
Z

Θ

�Z T̄(θ)

0
e�ρtu (c (t, θ)) dt�

Z R(θ)

0
e�ρt [v (y (t, θ) /ϕ (t, θ)) + η (t, θ)] dt

�
dG (θ)

subject to feasibility

Z
Θ

Z T̄(θ)

0
e�ρtc (t, θ) dtdF (θ) + H �

Z
Θ

Z R(θ)

0
e�ρty (t, θ) dtdF (θ)

and incentive compatibility

Z T̄(θ)

0
e�ρtu (c (t, θ)) dt�

Z R(θ)

0
e�ρt [v (y (t, θ) /ϕ (t, θ)) + η (t, θ)] dt �

Z T̄(θ0)

0
e�ρtu

�
c
�
t, θ0
��

dt�
Z R(θ0)

0
e�ρt �v �y �t, θ0

�
/ϕ (t, θ)

�
+ η (t, θ)

�
dt, 8θ, θ0

Closely following our baseline analysis we use the first-order approach to incentive
compatibility and then numerically verify global incentive compatibility ex post.

B.5 Overlapping generations

We show here that the problem considered in Section 2 is equivalent to the steady state
associated with a planning problem of an overlapping generations economy.

Time is continuous, t 2 R+ [ f0g, and at each point in time a generation with a unit
mass is born. The individuals born at t live until t+ T. The heterogeneity within a gen-
eration is represented by θ, with distribution F(θ). As in the main text, the production
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function is given by
F (K(t), L(t)) = rK(t) + L(t),

where F is net output (GDP net of depreciation) and r is net capital income (capital in-
come net of depreciation). The preferences over sequences of consumption, labor supply,
and retirement are given by

Z T

0
e�ρau(c(a))da�

Z R(θ)

0
e�ρa [v(l(a)) + η(a, θ)] da

Allocations are given by

� individual allocations c(t, a, θ), l(t, a, θ), R(θ) for all t � �T and a 2 [maxft, 0g, T],
where t is the time of birth and a is the age of the individual (this includes the initial
generations that were born prior to t = 0) and

� aggregate capital given by K(t) and aggregate consumption and aggregate effective
labor given by

C(t) =
Z T

0

Z
Θ

c(t� a, a, θ)dF(θ)da

L(t) =
Z T

0

Z
Θ

ϕ(a, θ)l(t� a, a, θ)1[a � R(θ)]dF(θ)da

Feasibility requires that

C(t) + Ĥ + K̇(t) = rK(t) + L(t),

where Ĥ is the value of output purchased by the government in each period and is con-
stant over time. Assuming as in the main text that r = ρ, the above can be written in its
present value form eliminating capital:

Z ∞

0
e�rtC(t)dt+

Ĥ
r
= rK(0) +

Z ∞

0
e�rtL(t)dt.

Disaggregate this into individual consumptions and use integration by parts to arrive at
the following:

Z ∞

�T
e�rt

Z
Θ

Z T

maxf�t,0g
e�rac(t, a, θ)dadF(θ)dt+

Ĥ
r
=

rK(0) +
Z ∞

�T
e�rt

Z
Θ

Z T

maxf�t,0g
e�ra ϕ(t, a, θ)l(t, a, θ)dadF(θ)dt
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Incentive compatibility is as it is defined in the main text.
The objective function for the planning problem is given byZ ∞

�T
e�λt

Z
Θ

U(t, θ)dG(θ)dt, (34)

where U(t, θ) is the utility of an individual born at t. When t � 0, this is given by

U(t, θ) =
Z T

0
e�ρtu(c(t, a, θ))da�

Z R(t,θ)

0
e�ρa[v(l(t, a, θ)) + η(a, θ)]da,

while for individuals born at t � 0, this is given by

U(t, θ) =
Z T

�t
e�ρtu(c(t, a, θ))da�

Z R(θ)

�t
e�ρa[v(l(t, a, θ)) + η(a, θ)]da

The parameter λ captures the intergenerational discount rate in the social welfare
function. The planning problem is then to maximize the value of the objective in (34)
over the set of feasible and incentive-compatible allocations. Note that since r = ρ, any
solution to this problem must prescribe constant consumption over the life-cycle for each
individual.

The planning problem in the main text, alternatively, maximizes the value for one
generation subject to incentive compatibility and a feasibility constraint of the form

H +
Z T̄

0

Z
Θ

e�rtc(t, θ)dF(θ)dt =
Z T̄

0

Z
Θ

e�rt ϕ(t, θ)l(t, θ)1[t � R(θ)]dF(θ)dt

Label the solution to this problem fc�(t, θ; H), l�(t, θ; H), R�(θ; H)g. We refer to the plan-
ning problem associated with a single generation as P1 and the planning problem in the
OLG economy as P2. Let the value of the social welfare in P1 be given by U�(H).

For the steady state of P2, let the allocations be given by fcss(a, θ), lss(a, θ), Rss(θ)g. In
addition, define Hss as the difference between the present value of labor earnings and the
present value of consumption in the steady state. Our main claim is that the steady state
allocation coincides with the solution to P1 for Hss. The idea is that otherwise we can
simply replace the steady state allocation with the solution to P1 for generations that are
born late in time.

Claim 1 Given a unique solution to P1, the steady-state allocation of P2 coincides with that of
the one generation economy with Hss, i.e.,

css(t, θ) = c�(t, θ; Hss), lss(t, θ) = l�(t, θ; Hss), Rss(t, θ) = R�(t, θ; Hss).
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Proof. Suppose not. Consider the solution to P2, and let H(t) be the difference between
the present value of labor earnings and consumption for generation t. Given the defini-
tion of the steady state of P2, it must be that H(t) converges to Hss as t tends to ∞. Since
the solution to P1 is unique and the steady-state allocation does not coincide with it, it
must be that social welfare of the steady-state allocation is less than U�(Hss). Since H(t)
converges to Hss and U�(H) is continuous in H, for large enough t , the aggregate welfare
of generations born at t is less than U�(Ht). Replace these allocations with the solution
of P1 for H = H(t). These allocations are feasible since the difference in present value
of consumption and labor earnings remains constant. Furthermore, they are incentive
compatible and they deliver a higher value of social welfare. This implies that the initial
allocation cannot be a solution to P2.

C Further details for Sections 4 and 5

We expand here on the main text to provide further details of the sample construction,
the estimation, and the sensitivity checks of the results.

Data sets. We use two sources of longitudinal individual-level data, the HRS and the
PSID. To work with the HRS, data we use version K of RAND HRS files, which are based
on all publicly available surveys from 1992 to 2008. The details of cleaning, processing,
and consolidating raw HRS variables are extensively documented in RAND HRS version
K documentation available online from RAND Corporation.

Raw data files of the PSID contain a well-known range of inconsistencies, impossible
answers, and other issues. We use the data set from Heathcote, Perri, and Violante (2010),
who carefully address these issues, and refer to that paper for details. We use Sample
A of Heathcote, Perri, and Violante (2010), which is their most inclusive sample and is
essentially a cleaned version of the data that come from the Survey Research Center (SRC)
sample of the PSID using all of the annual surveys from 1967 to 1996 and the biennial
surveys for 1999, 2001, and 2003. One issue particularly well-known in the literature,
potentially important for our purposes, is top coding of incomes in the PSID. Heathcote,
Perri, and Violante (2010) address it by fitting a Pareto distribution in the right tail. For
our baseline we take this data with the fitted Pareto tail. Among the robustness exercises
below, we check the effects of removing the fitted thick right tail to make sure it does not
introduce artificial qualitative features into our results.

Sample selection. As a baseline we use males of one U.S. cohort referred to as 1940
cohort. It includes males born between 1931 and 1941. This coincides with the initial HRS
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Table 3: Distribution of annual hours worked, by age.

Age Annual hours
[0,500) [500,1000) [1000,1500) [1500,2000) �2000 hours/worker

60 0.03 0.04 0.06 0.17 0.70 2150
61 0.04 0.03 0.06 0.17 0.66 2124
62 0.08 0.05 0.07 0.18 0.57 2015
63 0.10 0.09 0.08 0.13 0.52 1909
64 0.12 0.09 0.12 0.12 0.45 1789
65 0.11 0.10 0.14 0.14 0.43 1777
66 0.16 0.09 0.16 0.13 0.33 1642
67 0.25 0.08 0.12 0.08 0.25 1605
68 0.26 0.08 0.14 0.09 0.20 1539
69 0.28 0.08 0.11 0.09 0.19 1538
70 0.24 0.12 0.15 0.09 0.19 1418

Note: 1940-cohort males in the pooled sample of the HRS and the PSID.

cohort, which was first interviewed in 1992 and subsequently every two years, providing
the longest observed cohort over time in the HRS. This also implies that the cohort have
approached age 60 by the year 2000 and hence we use a stylized version of the U.S. Social
Security system from 2000.

This leads us to start with 9,638 individuals in the PSID and 15,959 in the HRS. After
we restrict the age to at least 20 and gender to males, we obtain in the PSID sample 6,918
and in the HRS sample 3,656 individuals. When we restrict observations per individual
to be at least 23 in the PSID data (later we check sensitivity by relaxing this restriction),
we are left with a sample of 1,116 individuals. We restrict observations per individual to
at least 5 in the HRS to get 971 individuals. The final count of individuals in the pooled
HRS-PSID data set is 2,087.

In terms of observations, we start with 93,924 in the PSID and 56,667 in the HRS.
After restricting the age and gender, we obtain 77,157 observations in the PSID and 26,602
observations in the HRS. Restricting observations to at least 23 per individual in the PSID
leaves 30,751 observations; restricting observations to at least 5 per individual in the HRS
leaves 5,788 observations. The final count of observations in the pooled HRS-PSID data
set is 36,539, providing on average 18 observations per individual.

Life span, retirement ages, and Social Security claiming ages. Each individual enters
the quantitative environment at age 20. We need three additional ages for each individual:
the age when the individual claims Social Security benefits, S (θ); when the individual
retires, R (θ); and when the individual dies, T (θ).

As a baseline, we take T̄ to be 81.6 from the Social Security Administration’s Life
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Table 4: Distributions of retirement ages, benefit claiming ages, and life spans, by earnings decile.

Earnings percentile
Bottom decile Median Top decile

Retirement age by definition:
baseline 67.6 66.9 68.5
alternative 66.3 66.1 66.0

Retirement age by sector:
manufacturing and mining 67.2 66.3 64.8
retail 67.8 70.3 68.0
professional services 70.1 66.8 70.5

Retirement age by education:
less than high school 67.7 67.0 67.5
high school and above 67.1 66.8 68.7

Social Security claiming age 62.6 63.4 63.5
Life expectancy at age 60 78.3 81.4 83.8
Note: 1940-cohort males in the pooled sample of the HRS and the PSID.
Percentiles are constructed as in the main text.

Tables in Bell and Miller (2005) for 1940-born males (see also our discussion above of
the comparison with the steady-state of an overlapping generations economy). Since the
retirement behavior is part of the focus here, we take the life span for the individuals who
survived at least until age 60.

We obtain retirement ages R (θ) by using two definitions, a baseline and an alternative.
Our baseline definition of retirement uses the RAND HRS variable RwLBRF, which aims
at consolidating all available in the HRS sources of information about the individual’s
labor-force status. The consolidation uses a variety of questions, depending on the wave,
listed in the online RAND files documentation. The evidence of working hence comes
from multiple sources reconciled and summarized in RwLBRF. Of importance here is that
this consolidation aims at separating retirement from claiming pension benefits from So-
cial Security, unemployment, partial retirement, or claiming to be retired while also re-
porting labor earnings.

We first identify the first and last non-missing labor-force status values for an individ-
ual according to RwLBRF. Then, within this range, only if we observe a change in status
from a non-missing non-5 value to the value of 5 in two consecutive waves (to retired
from any other status), we define the person as potentially retired in the latter wave. Fi-
nally, the maximum among potential retirement ages is used as the baseline retirement
age.

We check the implications of alternative definitions of retirement in the data. Retire-
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Figure 13: Cumulative retirement age distribution for selecred percentiles of lifetime earnings.

ment in our setting means no work hours (excluding unemployment) from a given age
onward. As a check, we use a definition based purely on hours worked reported in the
PSID and the HRS, referred to as the alternative definition in the main text. Following
Guvenen (2009), we define individuals as retired if hours worked fall below 520 perma-
nently (i.e. 10% of 5,200 hours, the likely highest sustainable annual hours according to
Guvenen (2009)). The Pearson correlation coefficient between retirement age according
to the baseline definition and this alternative definition is 0.67. The average retirement
ages by the two definitions in the pooled sample are much less than a standard deviation
apart.

The individual information about Social Security benefits claiming ages S (θ) (as op-
posed to retirement ages) is summarized in the RAND HRS in the variable RASSAGEB.
We adopt it as the baseline definition of Social Security claiming age in the quantitative
analysis.

Distribution of hours and retirement ages. Here we take a more detailed look at
the behavior of hours worked around the time of retirement and then describe how the
retirement ages vary with the definition of retirement, with education, by sector, and with
labor earnings.

First, we examine the labor supply behavior around retirement to see if in our sample
retirement appears to be associated with smooth transitions or with more abrupt changes
from full-time work to not working. For instance, Rogerson and Wallenius (2013) show
evidence of quite abrupt transitions for the CPS and the PSID separately as well as review
the evidence in the literature based on the HRS. Table 3 suggests similar behavior in our
pooled sample of the HRS and the PSID. At age 60, by far the most common average
amount of hours worked per year is greater than 2,000. Already starting at age 67 and
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Table 5: Statistical models of productivity-age profiles.

Parameter Model 1 Model 2 Model 3
a 0.126171 (0.0309)* 0.213422 (0.0732)* 0.128442

β2 -0.00172 (0.000233)* -0.00214 (0.000263)* -0.00172
β3 7.267x10�6 (1.723x10�6)* 0.00001 (1.911x10�6)* 6.5403x10�6

Individuals: 2,087 2,087 N/A
Observations: 36,539 22,822 N/A
Note: * Indicates significance at the 1 percent level.

quite clearly by age 70, the most common hours worked are less than 500, with an increase
in that group from 16% to 25% at age 67.

Table 4 summarizes how the distribution of retirement ages changes with the def-
inition of retirement, with education, and by sector. The baseline and the alternative
definitions of retirement result in essentially similar retirement age patterns. More phys-
ically demanding sectors, such as manufacturing and mining, deviate from the general
pattern, with retirement ages that decline with higher earnings. Individuals in less phys-
ically demanding sectors tend to retire at older ages, both at the bottom and at the top
of the earnings distribution. More educated individuals tend to retire at younger ages
throughout the distribution of earnings. Using the baseline definition of retirement, Fig-
ure 13 compares the cumulative distribution of retirement ages (retirement hazard ratios)
of the median earnings decile with that of the top and the bottom deciles, summarizing
the overall distributional differences.

Productivity-age profiles. The statistical model described in the main text can be more
explicitly written as

wit =
h

β0 + β1xit + β2x2
it + β3x3

it

i
+

I

∑
j=2

γ0i
�
dj
�
+

I

∑
j=2

γ1i
�
djxit

�
+ εit,

where wit is the logarithm of effective reported labor earnings per hour for person i =
1, .., I at time t, xit is a measure of experience, taken to be age in the baseline, so that
the term in brackets is the logarithm of the common age component, di are individual
dummies, and the constraints implied by our parametric assumption is given by β1 = aβ0

and γ1i = aγ0i for i = 2, .., I. That is, we estimate non-linear equations

wit =
h
(1+ axit) β0 + β2x2

it + β3x3
it

i
+ (1+ axit)

I

∑
i=2

γ0i (di) + εit,
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Table 6: Summary statistics for earnings deciles used in constructing productivity-age profiles.

Earnings Decile Average Decile Statistic
Annual Hours Education Married Caucasian

(years) (fraction) (fraction)
1st (bottom) 2227.19 11.0819672 0.85 0.85

2nd 2274.84 11.7015504 0.89 0.82
3rd 2217.93 12.0788382 0.86 0.89
4th 2304.49 12.4729730 0.93 0.92
5th 2237.65 12.8357488 0.92 0.91
6th 2175.42 13.2620321 0.88 0.93
7th 2123.48 13.6042781 0.91 0.93
8th 2160.45 14.0960452 0.88 0.94
9th 2066.72 14.5444444 0.82 0.94

10th (top) 2077.16 15.5217391 0.86 0.97
Note: deciles are based on the predictions from the baseline estimation.

where fa, β0, β2, β3, γ0ig are estimated using GMM, reported in the Model 1 column in
Table 5.

Given estimates
n

â, β̂0, β̂2, β̂3, fγ̂0ig
I
i=2

o
, we construct a vector of estimates

�
log θ̂i

	I
i=1

defined as �
β̂0, β̂0 + γ̂02, β̂0 + γ̂03, � � �

	
so that the predicted log productivity-age profiles are given by

log ϕ̂n
t = (1+ âxt) log θ̄

n
i + β̂2x2

t + β̂3x3
t

where log θ̄
n
i is the average of log θ̂i’s for a group n = 1..N and xt = 20..80 is age. That

is, the individual fixed effects are interpreted as individual type and log ϕ is proxied with
the logarithm of effective labor earnings per hour, i.e., the computed ratio of all labor
earnings to total hours reported in the PSID and the HRS. The labor earnings are taken
directly from our pooled sample variables, converting to constant 2000 dollars. We aim to
capture total labor earnings summing over the variables containing "salaries and wages",
"separate bonuses", "the labor portion of business income", "overtime pay", "tips", "com-
missions", "professional practice or trade payments", and "miscellaneous labor income".
We similarly capture the total reported hours.

For our baseline, we set N = 10 where each group is defined to be a decile, later
changing the number of groups to N = 5 and N = 20. Overall, the Pearson correlation
coefficient between estimated type θ̂ and the average annual earnings is 0.85. The same
correlation with average annual earnings after age 60 is 0.80. To a first approximation,
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Figure 14: The effects of the variation in the definition of retirement on efficient retirement ages
as a function of lifetime earnings (Panel A) and their associated optimal retirement wedges (Panel
B).

the deciles are also referred to as average annual-earnings deciles. Table 6 reports the
analogues of the summary statistics in the main text for each of the baseline deciles.

Estimation sensitivity checks. We implement several variants of the above estimation
approach resulting in qualitatively virtually indistinguishable simulations from those re-
ported in the main text. First, we varied the number of groups to N = 5 and N = 20 with
virtually identical results. Then, instead of age, we also used two alternative measures of
experience xit:

x1
it = ageit � 19

and
x2

it = ageit �max feduit, 10g � 5.

We find that replacing age with a measure of experience accounts for the rightward
shift in the peak of the profile as the type increases, as is well-known in labor literature.
That is, using x1

it instead of age produces very similar productivity profiles to the ones
reported in the main text, except the peaks of the profiles of different types are much
closer to each other, with x2

it resulting in virtual alignment. The latter variant is also
very close to the profiles we obtained by closely following the approach of Nishiyama
and Smetters (2007) and grouping individual observations by type into one of seven bins,
each for a 10-year interval of ages – 25-35 years old, 34-45 years old, ..., 74-85 years old (the
few remaining individuals older than 85 were put in the last group) – and extrapolating
by using shape-preserving cubic splines to obtain the complete productivity-age profiles.

As another check of the sensitivity of the estimation results, we relaxed the require-
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Figure 15: The effects of the variation in the estimates of the productivity-age profiles on efficient
retirement ages as a function of lifetime earnings (Panel A) and their associated optimal retirement
wedges (Panel B).

ment that in the pooled sample the individuals from PSID have 23 observations, and
replaced it with 5 observation requirement, as used for the HRS individuals. To keep
the GMM estimation computationally feasible, we randomly selected the same number
of individuals as in the original sample so that the total pooled-sample size remained
the same. The resulting estimates are reported in Table 5 in the Model 2 column. The
estimates of the baseline Model 1 are within two standard deviations from Model 2.

Finally, given a debate in the literature about how much of the curvature in the pro-
files is driven by the parametric choices, especially at later ages, we study the effects
on the constrained optimum of the following check: we force the curvature to vary by
exogenously increasing parameter a by 20 percent and reducing parameter β3 by 10 per-
cent. The resulting parameters are reported in Table 5 in the Model 3 column and the
constrained optimum is simulated below with very similar results to the baseline.

Further robustness results. In addition to the analysis of the sensitivity of the norma-
tive simulation results in the main text, we provide here three further sets of deviations
from the baseline simulation. First, we show the robustness of the main normative sim-
ulation results with respect to the definition of retirement ages in the data. As there is
no single universally accepted definition in the literature, we adopted two definitions we
judged to be potentially as different as the data would allow. The definitions are dis-
cussed in the main text, with additional details above. Figure 14 illustrates the resulting
comparison to the baseline simulated constrained optimum. As the main text explains, it
is reasonable to focus on the profiles of retirement ages and on optimal retirement wedges
since the rest of the constrained optimum follows. Figure 14 reveals qualitatively only mi-
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Figure 16: The effects of the variation in the estimates of the effective status-quo policies on
efficient retirement ages as a function of lifetime earnings (Panel A) and their associated optimal
retirement wedges (Panel B).

nor differences that would lead one to make the same conclusions as in the main text.
Second, a potentially key deviation from the baseline simulation results may be in-

troduced by the parametric restrictions on the productivity-age profiles as we discussed
above. To explore these effects, we varied our assumptions in the estimation as discussed
in the previous section. Figure 15 compares the baseline simulation of the optimum to
two of the most extreme cases we found. Once again the differences appear to be quanti-
tatively minimal.

Finally, we explore how robust our main quantitative insights are with respect to the
estimates of the effective tax functions. Even though the estimates in the main text follow
the literature, they are at the core of the estimated fixed costs and thus it is instructive
to illustrate how sensitive the simulated constrained optimum is to possible errors in the
estimates. Figure 16 compares the results from the baseline calibration to a calibration
based on a tax function with the progressivity parameter arbitrarily forced to be twice as
large and half as large as the estimate from the literature that we used in the baseline and
discussed in the main text. As with all of the cases above, this results in quantitatively
minimal changes and suggests the same general conclusions we discussed in the main
text.
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